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B. Executive Summary

Title FISH TREADMILL-DEVELOPEDFISH SCREEN CRITERIA FOR NATIVE
SACRAMENTO-SAN JOAQUIN WATERSHED FISHES

Amount Requested $2,271,637 (at 46.5-48% federal overhead rate, or $1,786,605 at 10%
state overhead rate) for two years (4/1/01-3/31/03)

Applicant  JosephJ. Cech, Jr.
Department of Wildlife, Fish, and Conservation Biology
University of California, Davis
(530) 752-3103, FAX (530) 752-4154, email: jjcech@ucdavis.edu

Participantsand M. Levent Kawes, Dept. of Civil and Environmental Engineering, UC Davis
Collaborators U.S. Bureau of Reclamation

California Department of Fish and Game

The Fish Treadmill project is an ongoing, multi-agency, targeted research program that
addresses the uncertain impacts of water diversionsand fish screens on priority fish species (e.g.,
delta smelt, splittail, chinook salmon, steelhead). The project objective is to provide the data
necessary to evaluate and improve aspects of fish protective facility design and operation at the
State Water Project (SWP), Central Valley Project (CVP, including the Tracy Fish Test Facility,
TFTF), and other existing and proposed fish screenfacilities (e.g., Hood-Mokelumne Connection).
This proposal requests next-phase funding to continue #iBvaluable research program and to
expand its scope to include other priority fish species(e.g., sturgeon) and complementary
investigations on the effects of debris on fish screen function and fish-fish screen interactions.

Installation of fish screens and improvements to existing fish screen facilitieshave been
identified by CALFED as activities that provide direct benefits to fish resources, habitats, and
ecosystem processes by reducing stressorsassociated with water diversions. However, for many
priority species (¢.g., delta smelt, splittail), present fish screen criteria, largely developed using data
from non-priority species, may be inadequate. The Fish Treadmill project was specifically
proposed and designed by cooperative, multi-agency partners to address these information gaps for
priority species and to provide timely, relevant, and comprehensive data that could be applied to
design, operate, and adaptively manage screened water diversions that more effectively protect fish
resources. This work focuses on near-field effects (i.e., near-screen effects), evaluating fish screen
and flow impacts on fish survival and passage and correlating them with screen design and
operational criteria(i.e., screen flow velocity), fish screenfunction (e.g., effects of debris loading),
species and life history stage (e.g., fish size), and environmental conditions (e.g., day vs night).

The Fish Treadmill project addresses CALFED and CW A goals, including at-risk species
recovery and conservation(CALFED Goal 1), protection and recovery of harvestable species
(CALFED Goal 3), successful implementation of the CVVPIA fish protection and fish doubling
goals, and non-ecosystem benefits like water supply reliability. Continuation of the project has
multi-agency support, including CALFED, DWR, DFG, USBR, NMFS, and USFWS.

The principal investigator, Dr. JosephJ. Cech, Jr., is Principal Investigator for the ongoing
Fish TreadmiU program Al other staff, including co-investigators Drs. M. L. Kanes (supervisor,
Fish Treadmill operation), Paciencia S. Young (managing biologist, Fish Treadmill biological
studies), and Z. Q. Chen (managing engineer, Fish TreadmiU operation), participated in the
development of the Fish Treadmill project and are presently actively involved in the program
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C. PROJECT DESCRIPTION (8pages, excluding Figures and Tables)
1 Statement of the Problem

a. Background and Rationale

The Fish Treadmill project is an ongoing targeted research program that directly addresses
the uncertain impacts of water diversions and fish screens on fishes. The objective of the project is
to provide the data necessary to evaluate and improve aspects of fish protective facility design and
operation at the State Water Project (SWP), Central Valley Project (CW, including the Tracy Fish
Test Facility, TFTF), and other existing and proposed fish screen facilities (e.g., Hood-Mokelumne
Connection). The Fish Treadmillproject is presently providing rigorous, quantitative data on
effects of screen flow (i.e., combinations of approach and sweeping velocity) and’environmental
conditions (temperature, day vs night) on the behavior and survival of priority species, including
delta smelt, splittail, chinook salmon and steelhead, near a fish screen. With this proposal, we
request next-phase funding to continue these studies and to expand the scope of the project to
include other species(e.g., sturgeon) and complementary investigationsof other aspects of water
diversionand fish screen impacts identitied by CALFED as probable contributorsto the adverse
impacts of this stressor.

Installation of fish screens and improvements to existing fish screen facilitieshave been
recognized by CALFED as activities that provide direct benefitsto fish resources and the ecosystem
by reducing stressors associated with water diversions. The Ecosystem Restoration Program Plan
(ERPP, Vol. 1,p. 425) contends that a “well-designed fish screen based on proven technology is
effective in reducing entrainment and impingement losses of many species ofjuvenile fish”.
However, for most native fishes of the Sacramento-San Joaquin system, including priority listed
species like delta smelt and splittail, there is no “proven technology”. For these species (and others
of concern), present fish screen criteria, developed fiom limited studies with salmonidsand non-
native fishes, may be inadequate and confer no protection fiom entrainment and impingement, or
overly protective and thus unnecessarily costly to water diverters. In addition, optimal fish screen
design and operation is almost certainly complicated by other factors, for example debris loading
and its unknown effects on fish screen function and (presumed) corresponding changes in fish
survival and passage: This questionhas not been addressed empirically for any local fish species
and thus adds another uncertainty to the larger issue of water diversion impacts and functional,
protective fish screen design and operation.

The importance of fish screen flow criteria and their potential differential impacts on survival
and passage of Delta fishes is already indicated by preliminary results fiom the Fish Treadmill
project (most recently described in a draft report to DWR, Swansonet al., 1999). Based m part on
these reports, several CALFED member agencies engaged in fish facility development and
improvement, includingUS. Bureau of Reclamation (USBR), Department of Water Resources
(DWR), Department of Fish and Game (DFG), US. Fish and Wildlife (USFWS) and National
Marine Fisheries Service (NMFS), have suggested a variety of design and operational solutionsto
address identified protection and passage issues, for example, determining optimal sweeping
velocity (i.e., flow parallel to the screen) to promote near-screenpassage. We propose to use the
Fish Treadmill, the only operational flume capable of testing delicate priority species like delta .
smelt, to continue this critical work and to investigate specific aspects of some of these suggested
solutions, with an emphasis on quantitative biological studies with Delta species, rigorous
experimental designs, state-of-the-artmethods, and a proven targeted research approach.



WATER DIVERSION AND FISH SCREEN IMPACTS ON FISHES
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Figure 1. Conceptual model identifying relationships among those factors and mechanisms hypothesized to
influence near-field water diversion and fish screen impacts an fish populations.

b. Conceptual Model and Hypotheses to be Tested

The ongoing Fish Treadmill project and proposed next-phase targeted research program
directly address a major area of uncertainty identified by CALFED, the impacts of water
diversions and fish screens on Sacramento-San Joaquin watershed fishes. This work focuses on
near-field effects(i.e., near-screen effects), evaluating the magnitude of these impacts on fish
survival and passage and correlating them with fish screen design and operational criteria (i.e.,
screen flow velocity, exposure duration), fish screen function (e.g., effects of debris loading),
speciesand life history stage (e.g., fish size), and environmental conditions (¢.g., day vs night).

By developing the data and technology to reduce water diversion impacts, the Fish
Treadmill project has linksto CALFED goals and other ecosystem elements, including at-risk
speciesrecovery and conservation (CALFED Goal 1), protection and recovery ofharvestable
species (CALFED Goal 3), successful implementation o fthe CVPIA fish protection and fish
doubling goals, and non-ecosystem benefits like water supply reliability.

The conceptual model and hypotheses to be tested with the proposed targeted research
program are outlined in Figure 1 above and Table 1 on the following page.




Table 1. Targeted research approach to test hypotheses on the magnitude and mechanisms of near-field

water diversion and fish screen impacts on fish populations in the Sacramento-San Joaguin watershed.

TARGETED RESEARCH APPROACH TO EVALUATE WATER DIVERSION
AND FISH SCREEN IMPACTS ON FISHES

Problem: Quantify and identify mechanisms for near-field water diversion and fish screen
impacts on fishes.

Conceptual Model ~ Water diversions and fish screens impact fishes through direct screen effects
(e.g., adverse fish-fish screen interactions) and indirect screen effects (e.g.,
adverse impacts on fishes near fish screen through other factors).

Mechanisms:
1. Direct screen effects (e.g., screen contact, impingement, mortality, injury, stress).
2. Debiris effects on screen function (e.g., variations in screen flow hydraulics,
interference with fish behavior).

Hypotheses to examine proposed mechanisms (mechanisms land 2 as identified above):

1.a. Screen flow velocity (i.e., combined approach and sweeping velocity) affects
frequency of screen contact, impingement, and survival.

1.b. Screen flow velocity affects fish passage (and therefore screen exposure
duration).

1.¢. Screen flow velocity effects on mortality, injury, stress, and screen passage
vary among species, life history stage, and environmental conditions (i.e., temperature,
time of day, light level). .

2.a. Debris affects screen flow hydraulics(e.g., increased spatial variation in near-
screen approach velocity).
2.b. Variations in screen flow hydraulics affect near-screen fish performance and
behavior (e.g., survival, screen contact and impingementfrequency,
passage Velocity).
2.c. Debris-related effects vary among species, life history stage, and environmental conditions
(i.e., temperature, time of day, light level).

c. Adaptive Management

This targeted research approach and use of the laboratory-based Fish Treadmillapparatus
for biological evaluations of water diversion and fish screen impacts on Sacramento-San Joaquin
watershed fishes is more likely to resolve the identified uncertainties then field-based pilot studies,
implementation projects, or other fish facility-based program (e.g., Tracy Fish Test Facility,
TFTF or Glenn-Colusa Irrigation District, GCID) for several reasons.

1. The Fish Treadmill is uniquely capable of testing fish under a wide range of approach
and sweeping flow Combinations(e.g., high approach velocity combined with low sweeping
velocity or low approach velocity combined with high sweeping velocity) and thus provides
opportunitiesfor detailed examinationsof the interactive effects of multiple flow vectors. As

such, it is the only research platform capable of providing the data necessary to develop fish




screen criteria for both “on-river’” and “off-river’” screens. For example, preliminary results with
delta smelt have suggested that both flow vectors significantly and independentlyaffect protection
(e.g., survival) and passage (i.e., velocity past screen and thus exposure duration).

2. Flow and environmental conditions (e.g., temperature, light levels, debris load) can be
precisely controlled and reproduced in the Fish Treadmill, enabling the replication of experimental
treatments necessary for statistical analyses to isolate and detect significant effects of specific
factors. Environmental conditionsin the field or at large facilities are inherently uncontrolled and
variable, and cannot be replicated. Further, experimental (e.g., flow velocity, debris load) and
environmental parameters (e.g., temperature, light level) can be easily altered and manipulated in
this laboratory-based test facility, providing both the capability and opportunities for modification
of hypotheses, experimental design, and approach as data and results indicate.

3. Detailed observationsoffish behavior (e.g., fiequency of contact with the screen,
swimming behavior, velocity past screen) provide valuable information on important aspects of
fish performance and behavior near fish screensand the magnitude and mechanisms of their
impact on fishes, particularly when correlated with complementary data in survival, injury and
stress. Observations of fishes near fish screens:installed at water diversionsin the Delta (e.g.,
TFTF) or onrivers (e.g., Glenn-Colusa Irrigation District, GCID) are logistically and technically
difficult because turbid water conditions limit visibility for human or video observations. Further,
artificial introductionand post-exposure collection of test fish at a field andor large-scale
diversion is difficult and probably more stressful to the fish than the experimental treatment.
Thus, the effects of exposure to the fish screen and specified experimental conditions cannot be
easily separated fiom the stressful effects of field handling.

4. The Fish Treadmill is the only large scale fish screen test facility capable of testing
delicate, high priority native species (e.g., delta smelt) under realistic, controlled flow and
environmental conditions, and providing detailed quantitative data for the development of fish
screen criteriaand improved operations. It is presently fully operational, caliiated for a wide
range of flow conditions, and staffed with qualified, trained personnel.

d. Educational Objectives
Althoughthe project is targeted research, several UC Davis graduate and undergraduate students
wkbe part of the’researchteam. Regular reports at workshops, meetings, and inthe IEP

Newsletter, and peer-reviewed publications will help disseminate results to the interested public
and to professionals.

2. Proposed Scope of Work
a. Location and Geographic Boundaries

The proposed project, continuationof laboratory-based, targeted fish screen research, will
occur at the University of California, Davis, Hydraulics Laboratory located in Yolo County. The
results of this research will be applicable to stressors, habitats, and speciesthat are located in 11
of the 14 Sacramento-San Joaquin watershed Ecological Management Zones identified by
CALFED to contain screened and unscreened water diversions, proposed new water diversions
(e.g., for new off-stream storage, Sacramento River), andor existing water diversions for which
new or upgraded fish screens are proposed (e.g., Clifton Court Forebay at the SWP, Tracy Fish
Facility at the CVP) (ERP, Vol. 1, p 424). The quantitative data generated by this project will be
immediately applicable and complementary to ongoing and proposed field evaluations of large




screened diversions (e.g., Tracy Fish Facility Improvement Program, GCID screen evaluation
program, Hood-Mokelumne Connection). In addition, the results of 15 project will be broadly
applicable to Interagency Ecological Program agency and CALFED decision makers to assess and
predict the beneficial effects of various screening strategiesfor proposed CALFED alternatives.
b. Approach
The experimental design, methods and data evaluation approach of the Fish TreadmiU
Project are complicated with many experimental variables and many measurements made during
each experiment. Therefore, the overall experimental approach is presented in tabular form.
Experimental variables and monitoring parameters are outlined in Table 2 and the data collection
and data evaluation approach in Table 3 (following pages).
During the period for which funding is requested, we \Akconduct experimentswiththe
following species:
« delta smelt, juveniles and adults, collected from Sacramento-San Joaquin estuary
» steelhead, parr, collected from state and federal hatcheries
« splittail, young-of-the-year (YOY), collected from Sacramento-SanJoaquin estuary
and state and federal fish facilities
« chinook salmon, parr and smolts, collected from state and federal hatcheries
« green sturgeon, YOY, hatched and reared at UC Dauvis, fertilized eggs provided by
Yurok Tribe, Trinity and Klamath Rivers
« white sturgeon, YOY, hatched and reared at UC Davis
« American shad, YOY, collected from Sacramento-San Joaquin estuary and state and
federal fish facilities
If fish are available and time permits, we will also conduct experiments with other species, for
example: -
« striped bass, YOY, coliected from Sacramento-San Joaquin estuary and state and
federal fish facilities
« Jongfin smelt, juveniles and adulis, collected from Sacramento-San Joaquin estuary and
state and federal fish facilities

Two types of experiments using the Fish Treadmill are proposed.

1. Effects of Flow and Environmental Conditions: Effects of flow (i.e., ten
combinations of approach and sweeping velocities, see Table 2) and environmental conditions
(i.e., temperature, light level/time of day, see Table 2) on performance and behavior of fish species
listed above (Note: For splittail, chinook salmon, and delta smelt, these experiments are near
completion. See Appendix 1 for description of current status of the ongoing Fish Treadmill
project, including status and progress of CALFED-funded portions of the work.) Inaddition, if
time and fish availability permit, a limited number of experiments in which the flow velocity in the
Fish Treadmill is increased gradually from O ft/s to selected target levels (“gradual flow increase”
experiments; see Swansonet al. 1998a for complete description of experimental protocol and
preliminary results of experimentswith splittail and chinook salmon) will be also conducted.

2. Effects of Debris: Effects of debris loading on fish screen function and fish behavior
and performance at selected flow and environmental conditions(e.g., three or four
approach/sweeping velocity combinations during both day and night). Data fromthese
experiments will he compared with that from “’regular’” Fish Treadmill experiments{i.e., Type 1
above) at similar flow and environmental conditions.




Table 2. Experimental variables and monitoring parameters used in the Fish Treadmill experiments.

FLOW (ft/s) Approach Sweeping
(10 flow treatments, 0 (control) 0(control)
one control and 0.2 (6 crs) 0
nine experimental) 0.33 (10cm/s) 0
0.5 (15 eno/s) 0
0.2 10 (3lemys)
0.33 1.0
0.5 10
0.2 2.0 (62 co/s)
0.33 2.0
05 20
TEMPERATURE 12°C: winter and spring
19°C: summer and fall
TIME OF DAY/ Day, light level: 200-300 lux
LIGHT LEVEL Night, light level: 0-1 lux
FISH SIZE small: <6.0 cm SL
medium: 6.0-8.0 cm SL
DEBRIS LOAD 0 and 33% occluded using simulated debris
NUMBER OF FISH 20 fish (All fish used only one time in the
PER EXPERIMENT Fish Treadmill experiments.)
EXPERIMENT 2 hours
DURATION
POST-EXPERIMENTAL .48 hours  (Some fish sampled for stress responses
EVALUATION during the post-experimental period.)
REPLICATES PER 3 replicates
TREATMENT
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Table 3. Measurements made during each Fish Treadmill experiment.

. deasurement type Definition

Method
'‘LOWand
INVIRONMENTAL
"ONDITIONS
Approach and fi'sandads 3-D acousticdoppler velocimeter,
Sweeping velocity Measured at beginniig and end of each experiment
Temperature °C Measured at beginning and end of each experiment
Dissolved oxygen mg/l Measured at beginning and end of each experimen;
Light level lux Measured at beginning of each experiment
Debris load % occulsion Measured one time at calibration
’ERFORMANCE
Impingement prolonged (>5 min) contact with scteen measured visually throughout experiment
Screen contact temporary contact With screen measured visually throughout experiment
survival measured at 0 and 48 h post-experimental
Injury damage to skin, scales, fins, eyes measured 48 h post-experimental
BEHAVIOR
Swimming velocity
over the ground ads, velocity past screen
through the water emys, swimming velocity measured using computer-assisted
Orientation (rheotaxis) orientation relative to resultant current motion analysis of video tapes
Distance from screen distance (cm) from inner fish Screen
Schooling distribution of fish in swimming channel meaSL_lred visually throughout
experiment
PHYSIOLOGICAL RESPONSES
Hematocrit (% red blood cells)
Plasmavariables
pH
lactate concentration Measured from pooled blood

glucose concentration
chloride ion concentration (or osmolality)
cortisol concentration

(samples collected from two
randomly selected fish at
selected post-experimental times)




¢. Monitoring and Assessment Plan

Biological studies with the Fish Treadmill are ongoing and, for the period of February 16,
2000 through March 31,2001, supported by CALFED (Project # 99-NO2, Program Manager:
Spencer Shepherd, National Fish and Wildlife Foundation). The experimental approach, design
methods, and analyses have already been subjected to rigorous discussion and review.
Descriptions of the work and preliminary results for delta smelt, splittail, and chinook salmon
have been reported in several technical reports (Velagic et al., 1998; Swanson et al. 1998a, 1999,
Hayes et al., 2000), IEP Newsletter articles, and presentations at technical and scientific meetings.
Detailed descriptions of all aspects of the project are provided in the Fish Treadmill Quality
Assurance Project Plan (QAPP, Swanson et al. 1998b) and the Biological Monitoring/Research
Plan (BM/RP) submitted to CALFED earlier ##syear and attached as Appendix 11 This
document wvill be updated to incorporate information and monitoring/assessment protocols
required for the new types of studies (e.g., research with previously untested species,
investigationsof effects of debris loading) proposed for this next-phase research program.

d. Data Handling and Storage

Data handling and storage are descriid in the Fish Treadmill Biological

Monitoring/Research Plan, attached as Appendix 11 These protocols \~libe updated as necessary
for this next-phase research program.

e. Expected Products and Outcomes

Quarterly reports will include financial status, activities during the quarter, tasks
completed, deliverables produced, problems encountered, and a description of modiscationsto
the contract.

Technical reports describing results of the two proposed types of studies /e submitted
within two months o f completion of that study or, at a minimum, annually. A final technical
report \~lbe submitted by May 31, 2003.

Status and results of the project \~lialso be presented and discussed at bi-anmaal meetings
of the Interagency partners, UC Davis research staff, outside consultants, and other interested
parties.

Results of these studies have been and \~continue to be presented at scientific and
technical meetings. As an example, reports on Fish Treadmill project results for several species
were presented in the Fish Passage Symposium at the Annual Meeting of the California-Nevada
Chapter of the American Fisheries Society (April 29-Mayl, 2000, Ventura, CA) and are
scheduled for presentation at the International Congress on the Biology of Fishes, Fish Migration
and Passage Symposium, later this year (July 23-26,2000, Aberdeen, UK).

Results of these studies will also be described in IEP Newsletter articles (one or two
articles per year), and in manuscripts submitted for publication in peer-reviewed scientific journals
(e.g., Transactions of the American Fisheries Society, North American Journal of Fishery
Management, Environmental Biology of Fishes, Copeia, Journal of Experimental Biology,
Conservation Biology, Hydrobiologia, and Water Research). Severalmanuscripts based on
results of Fish Treadmill studieswith several species (e.g., chinook salmon, splittail, delta smelt)
are presently in preparation.

All data \Ibe stored by the Principal Investigator for a minimum of five years after
project completion.




f. Work Schedule

Funding for this next-phase targeted research is requested for a two-year period beginning
April 1,2001 (March 31,2001 isthe end date for current CALFED funding, Project # 99-NO2).
The proposed work and schedule outlined below are based on year-round Fish Treadmill
operation and research, successful completion of an average of 4.5 experiments/week (a work rate
consistent with that achieved during the past 2.5 years of Fish Treadmill studies), and contingent
on adequate funding, personnel, and fish availability. For s period, four tasks are identitied
(Table 4, and see F. Cost, for specific activitiesinvolved in these tasks).

Table 4. Tasks and schedule for proposed Fish Treadmill project.

TASK SCHEDULE

Task 1. Operation, Maintenance, and .. April 2001 - February 2003
Calibration of the Fish Treadmill

Task 2. Biological Experiments Using April 2001 - February 2003
the Fish Treadmill

Task 3. Fish Collection April 2001 - December 2002

Task 4. Project Management April 2001 - March 2003

Unlike field-based studies that are subject to unpredictable and variable seasonal
conditions, the Fish Treadmill is capable of year-round operationand active research (Tasks 1 and
2). The schedule of experiments for each species (Table 5) is determined by species priority rank
(e.g., delta smelt have higher priority than striped bass YOY), seasonal availability (mod species
are available in the appropriate sizes during limited seasonal periods), and the numbers and types
of experiments required to complete experimental datasets defined in the Fish Treadmiil
experimental design and project plan outlined in the Biological Monitorinfiesearch Plan’
(AppendixII, and see Appendix 1 for present status of Fish Treadmill studies). Preliminary data
analysis is conducted concurrently with the experiments. Final data analyses and preparation of
the fimal technical report(s) will be completed as specified in section e. Expected Products and
Outcomes above. Fish collection (Task 3) is conducted on an “as needed” basis for each species.
Project management (Task 4) \~lbe conducted by the Principal Investigator, J. J. Cech, Jr. (UC
Davis, Biological Sudies), post-doctoral researcher P. S. Young (Biological Studies), and co-
investigatorsM. L. Kawes (UC Davis, Fish Treadmill operation) and G. Aasen (DFG,
Interagency liaison and Fish Collection).
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Table 5. Schedule for proposed Fish Treadmill experiments.

EXPERIMENT TYPE SPECIES SCHEDULE
Effects of Flow delta smelt winter, 2002
and Environmental splittail spring, 2001
Conditions chinook salmon spring, 2001
steelhead trout spring, 2001 and 2002
green sturgeon spring, 2001 and 2002
white sturgeon summer/fall, 2001 and 2002
American shad summer/fall, 2001 and 2002
other species as availability and time permit
Effects of Debris delta smelt summer/fall, 2001 and 2002; winter,
2002 and 2003
splittail spring/summer/winter, 2001 and
2002
chinook salmon spring/summer/fall, 2001 and 2002
steelhead spring, 2001 and 2002
green sturgeon Spring, 2001 and 2002
white sturgeon summer/fall, 2001 and 2002
American shad summer/fall, 2001 and 2002
other species as availability and time permit
g. Feasibility

This proposal requests next-phase funding for continuation and expansion of a successful,
ongoing research program that addresses uncertainties associated with a major CALFED-
identified stressor, water diversions. The Fish Treadmill Project is the most appropriate and
comprehensive approach to address questions relating to specific aspects of fish screen design,
flow criteria, and operation. This cooperative project, with the versatile, fully operational Fish
TreadmiU apparatus, highly qualified Staff, and associated fish collection and maintenance
facilities, is the only large scale fish screen research program capable of testing delicate, high
priority native species like delta smelt under wide ranges of realistic, controlled flow and
environmental conditions. The project has already produced detailed quantitative data that \,\kbe
used to develop fish screen flow and operational criteria that protect native priority fishes o fthe
Sacramento-SanJoaquin watershed. There are no alternatives presently available or in place to
meet the stated objectives within CALFED’s short time frame or to provide needed information
for the development and/or evaluation of other CALFED sponsored programs like the Tracy Fish
Test Facility and the Hood-Mokelumne Connection.

The targeted research outlined inthis proposal is feasible, independent of the outcomes of
other projects, and (generally) independent of natural conditions(e.g., weather, although
inadequate supplies of wild or hatchery-reared test fishes could affect the rate of research). The
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Fish Treadmill apparatus has proved to be both versatile and durable with few technical or
mechanical failures during the past 2.5 years of operation. The project will occur in a laboratory
setting and requires no CEQA, NEPA, or other environmental compliance documents. Permits
required to continue thisproject (e.g., DFGAEP collection permit, water discharge permits, and
UCD animal care protocols) are approved or have been submitted. Detailed Biological
Monitoring/Research and Quality Assurance plans have been approved. No zoning regulations,

planning ordinances or other constraints that could impact the schedule and implementability of
the project are known.

D. APPLICABILITY TO CALFED ERP GOALSAND IMPLEMENTATION
PLAN AND CVPIA PRIORITIES (2 pages, and see Appendix 1 for present project status)
1 Relationship to ERP and CVPIA Priorities and Other Ecosystem Restoration Projects

The Fish Treadmill project addresses a major stressor, water diversions, that has uncertain
impacts on fishes in the Sacramento-San Joaquin watershed. The project is specifically designed
to produce the scientificinformation necessary for CALFED to reduce the adverse impacts of the
stressor by installation of protective fish screens designed based on improved understanding of the
magnitude and mechanisms underlying near-field water diversion effects on fishes. Results of this
project \~kprovide benefit to 1lofthe 14 Ecological Management Zones defined by CACFED
(most located in the Bay/Delta and mainstem rivers) and to virtually all of the highest priority fish
species (delta smelt, splittail, chinook salmon, steelhead, green sturgeon). For example, in the
Sacramento-SanJoaquin Delta Ecological Management Zone, reduction of entrainment and
impiigement losses of fish at water diversions is identified as a target, with replacement/upgrades
of the SWP, CVP, and PG&E screens identified as specific programmatic actions (ERP, Vol. 2, p.
110). For protection of fishes like delta smelt, splittail and chinook salmon, results of the Fish
Treadmill project are essential to develop the design and operational criteria for these new and/or
upgraded fish screens. In addition, Fish Treadmill results \Akbe useful for the development of the
Tracy Fish Test Facility (TFTF) and as part of the recently initiated technical evaluations for the
proposed Hood-Mokelumne Connection.

Support for continuation of the Fish Treadmill project and its scientific evaluation of fish
performance and behavior near fish screens is identified by CACFED as an activity that will help it
achieve its strategic objective of reducing entrainment of fish at water diversions in order to
increase fish survival and population abundances to levels that contributeto the overall health of
the Delta and other beneficial uses of land and water (ERP, Vol. 1, p. 428-429). By developing
the data and technology to reduce water diversion impacts, the project has links to other
ecosystem elements and CALEFED goals, including:

« native species recovery and conservation, with an emphasis on listed species like delta
smelt, splittail, chinook salmon, and steelhead trout (CALFED Goal 1);

« improving recreational and commercial fisheries (e.g., chinook salmon, steelhead trout)
(CALFED Goal 3);

« successful implementation of the CVPIA (e.g., fish doubling goals); and

= successful implementation of recovery measures for listed species (state and federal ESA).

The Fish Treadmill project also addresses at least two other Stage 1 expectations (ERP,
Vol. 1, p 428-429), continued research on fish screenand related facilities design, and
coordinating research and testing various screen programs. In addition, the Proposed Fish Facility
Technology Development Interagency Technical Forum (members include representatives from
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CALFED, DWR, DFG, USBR, NMFS, and USFWS), in discussion of new technology
requirements for Delta fish facilities, agreed that technology development should include

cooperative research with UCD and the Fish Treadmill project, especially for refined programs for
studying criteria with sensitive species such as delta smelt.

2. System-wide Ecosystem Benefits

Results of the Fish Treadmill project, when applied to improve fish screen design and
operation and thus reduce the adverse impacts of water diversions, will have broad, system-wide
ecosystembenefits, affecting

* habitats (e.g., both Delta and upstream habitats, including tidal perennial aquatic habitat,
instream aquatic habitat, and shaded riverine habitat);

= species, with an emphasis on priority, listed native species like delta smelt, steelhead,
splittail, chinook salmon, and sturgeon; and

» ecological processes (e.g., reducing losses ofjuvenile fishes at wafer diversionswill
improve Bay/Delta and upstream food webs).

Fish Treadmill project results obtained for listed native fishes, speciesthat can affect
operation of large water diversions {(e.g., by take limits), have direct and timely application for
development, design, and operation of several large fish facilities integral to non-ecosystem
related CALFED objectives like water supply reliability. These include the improvementsto the

SWP and CVP fish screens, proposed fish screens at upstream diversion(s) for off-stream storage,
and the Hood-Mokelumne Connection.

3. Request for Next-Phase Funding

The Fish Treadmill project is an ongoing targeted research program, currently supported
by CALFED (Project # 99-NO2, Fish Treadmill-developed Fish Screen Criteria for Native
Sacramento-San Joaquin Watershed Fishes, J. J. Cech, Jr., Principal Investigator) and previously
supported by DWR and USBR (contracts B-58719 and B-80898, 1994-1998, for Fish Treadmill
final design, construction, and preliminary biological studies; and B-81622, 1998-2000, for
continuation of the biological studies; results of these early Fish Treadmill studies are reported in
Velagic et al., 1998, Chen et al., 1998; Swanson et al., 1998a, 1999; and Hayes et al., 2000). The
project builds upon work by DFG using asmaller circular flume with a fish screen (Kano 1982)
and upon which present fish screen flow criteria are based. The design of the biological studies
using the Fish Treadmill was also based on results of previous work by the UCD Fish Physiology
Group on environmental biology and behavior of native Delta and upstream fishes (e.g., delta
smelt, Swansonand Cech, 1995, Swansonet al. 1996, 1998a and c; splittail, Young and Cech;
1996; chinook salmon, Young et al. 1998). The Fish Treadmill project directly complements and
expands upon ongoing fish screen studies at operational water diversions(e.g., GCID, and Red
Bluff Diversion Dam, RBDD) and project results \~\kbe incorporated into design and operation
ofthe Tracy Fish Test Facility and new facilities at the SWP, SVP, and Hood Mokelumne
Connection.

The Fish Treadmill biological studies were originally designed with a three-year study
schedule and an emphasis on native Delta fishes (delta smelt, splittail, chinook salmon) and
American shad (to produce data more directly comparableto Kano, 1982). By the end of the
present contract (CALFED project # 99-N02), three years of biological studies will have been
completed. During this period, concern for native Delta fishes has remained high and, because of
proposed large upstream fish screen facilities (e.g., off-stream storage, Sacramento river) and
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upgrades to existing facilities(e.g., GCID), interest for threatened upstream species like steelhead
and sturgeon has increased. Therefore, the focus of the Fish Treadmill project has been shifted to

include studieswith these (and other) species. In addition, discussionswith several fish facilities
development and review teams have supported the use of the Fish Treadmill for evaluation of
other fish screenissues, such as effects of debris loading on fish screen function and fish
performance.

E. QUALIFICATIONS
A. Organization of Staff

The project will be under the directionand supervisionof the principal investigator,
Joseph J. Cech, Jr., Professor in the Department of Wildlife, Fish, and Conservation Biology,
University of California, Davis (Biological Studies, Task 2) and the co-investigator. Dr. M. L.
Kawnes, Department of Civil and Environmental Engineering, University of California, Davis (Fish
Treadmill Operation, Task 1). G. Aasen (DFG) will provide additional management and support
for fish collection (Task 3). Day to day project management, implementation, data analysis,
interpretation and report writing will be provided by two post-doctoral researchers, co-
investigatorsDrs. Paciencia S. Young (Task 2) and Z. Q. Chen (Task 1). Additional assistance
with fish collection, fish care, fish management, experiment implementation, data collection, data
entry, preliminary data analysis, and data quality control and assurance will be provided by fill

and part-time post-graduate researchers, student research assistants, and DFG researchers and
scientific aides.

B. Collaborating Scientists

Dr. Joseph J. Cech, Jr. has been a professor at UCD since 1975 and was Chair of the
Department of Wildlife, Fish, and Conservation Biology fiom 1992-1997. He has published more
than 80 peer-reviewed articles in the fields of physiology and physiological ecology of fishes, and
has won numerous awards, honors and grants. He has completed eight contracts with state
agencies for studies of the physiological ecology of fishes of the Sacramento-San Joaquin system.

He is presently Principal Investigator on the Fish Treadmill Project. Relevant publications
include:

Cech, J. J,, Jr., Mitchell, S. J., Castleberry, D. T., and McEnroe, M. (1990) Distribution of

California streamfishes: influence of environmentaltemperature and hypoxia. Env. Biol.
Fish. 29:95-105.

Cech, J. J., Jr., Bartholow, S. D., Young, P. S., and Hopkins, T. E. (1996) Striped bass exercise.

and handling stress in fresh water: physiological responses to recovery environment.
Trans. Am. Fish. Soc. 125:308-320.

Moyle, P. B. and Cech, J. J., Jr. (2000) Fishes: and introduction to ichthyology. 4* edition,
Prentice Hall, Englewood Cliffs, New Jersey.

Dr. M. Levent Kawas has been a professor in the Department of Civil and Environmental
Engineering since 1985and Director ofthe UCD Hydraulics Laboratory since 1991. He is the
author of more than 75 journal and proceedings publications in the areas of hydraulic and
hydrologic engineering. His areas of specialization include: physical hydraulic modeling of
environmental fluid flows, pollutant and sediment transport, and modeling of hydrologic processes
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such as overland flow, erosion, and infiltration. He is presently co-investigator on the Fish
Treadmill project. A recent relevant publications is:

Velagic, E,, M. L. Kawas, W. Summer, and others (1996) Fish Screentest apparatus with
variable two-vector flow conditions: hydraulic model. Firal Report for California
Department of Water Resources contract B-58719.

Dr. Paciencia S. Young received her doctoral training and is presently a post-doctoral researcher
in Dr. Cech’s laboratory. Sheis an expert in the areas of stress and exercise physiology of fishes
and has spent the past five years studying the environmental tolerances, swimming performance,
and behavior of Delta fishes, with an emphasis on splittail and delta smelt. She was the managing
researcher on three successfully completed state contracts and is presently one of the managing
biologists on the Fish Treadmill project. Recent relevant publications include:

Young, P. S., C. Swanson,and J. J. Cech, Jr. (1998) Performance, behavior, and physiological
responses of Delta fishes in two-vector flows in a fish treadmill. Part 2. lllumination and
photophase effects on swimming performance and behavior of Delta fishes. Final Report,
California Department of Water Resources. 57 pp.

Young, P. S. and J. J. Cech, Jr. (1996) Environmental tolerances and requirements of splittail.
Trans. AM Fish. Soc. 125:664-678.

Young, P. S.and J. J. Cech, Jr. (1995) Environmental requirementsand tolerances of Sacramento
splittail, Pogonichthys macrolepidotus (Ayres). Firal Report to the Interagency Ecological
Studies Program for the San Francisco Bay/Delta. 56 pp.

Young, P. S. and J. J. Cech, Jr. (1993) Effects of exercise conditioning on stress responses and

recovery in cultured and wild young-of-the-year striped bass (Morone saxatilis). Can. J.
Fish. Aguat. Sci. 50:2094-2099.

Dr. Z. Q. Chen is a Research Engineer and the manager of the UCD Hydraulics Laboratory. He
has worked on various hydraulic modeling studies for more than ten years, and currently is the
lead hydraulic engineer for the Fish Treadmill Project. Dr. Chen specializes in physical hydraulic
models, hydraulic engineering, and hydrological modeling. A recent relevant publication is:

Chen, Z. Q., E. Velagic, A. Karakas, E. Dogrul, H. Bandeh, W. Summer, and M. L. Kavvas
(1998) Performance, behavior, and physiological responses of Delta fishes in two-vector

flows in a fish treadmill. Part 1. Hydraulics Studies. Firal Report, California Department
of Water Resources. 42 pp.

Geir Aasen is a biologist with the Bay/Delta division of DFG and has been working with the Fish
Treadmill project since January 2000. He will serve as primary Interagency liaison for fish
collection, and assist the UCD staff in experimental design, implementation, and data analysis, and
data quality control and assurance for the Fish Treadmill experiments.
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F.COST

1. Budget

gCALFED next-phase funding is requested for a two-year period to support continued
operation of the Fish Treadmill (Task 1, UC Davis Hydraulics Laboratory), implementation of the
biological studies (Task 2, UC Davis Fish Physiology Group), and DFG assistance for fish
collection and participation in the experiments (Task 3), and project management (Task 4, UC
Davis Fish Physiology Group).

Cost of the project depends on funding source: $1,786,605 if funded through a State
agency and $2,271,637 if funded through a federal agency. Details of the budget are described in
Tables 9 and 10 (MS Excel file name: treadmill.calfed2(di).xls, worksheet 1=budget with state

overhead rates, worksheet 2=budget with federal overhead rates) and in the Budget Justification
below.

2. Budget Justification
Task 1 Fish Treadmill Operation, Maintenance, and Calibration: The success of the
project depends heavily on the proper function of the experimental apparatus, the Fish Treadmill.
The UC Davis Hydraulics Engineering Group is responsible for tisactivity that includes:
operation of the Fish Treadmill during all experiments; maintenance and repair of the Fish
Treadmill, regular change of underground sump water; temperature control of sump water;
maintenance and oversight of sump water quality (e.g. dissolved oxygen, ammonia, pH, alalinity,
and hardness); regular caliiration of approach and sweeping flow combinationsin the Fish
Treadmill swimming channel; and report writing and presentation of results. Operation of the
Fish Treadmill during experiments demands simultaneousand continuous adjustments by two
engineers of incoming flow and discharge, water depth in the swimming channel, and the speed of
the rotating outer screen. At least four part-time engineers are needed to ensuren o d operation
of the Fish Treadmill for two shiftseach day. Additionally, they are also responsible for
monitoring water quality before, during, and after the experiments. Two part-time mechanical
technicians are needed for regular maintenance and repair of the Fish Treadmill.

Funds are requested for personnel (salaries, benefits and student fee remissions),
expendable supplies, general liability, and overhead (detailed in Table 6, below).

Table 6. Budget details for Task 1, UC Davis Hydraulics Laboratory.

Position Pay Rate Expected Time Commitment Benefits/Salary
M. L. Kanes $149,651 12.5% (1.5 months, summer) 9.2%

Senior Res. Engr. $46,809 100% 24.5%

PGRE 1 $27,287 75% 4.3%

PGRE 3 (2) $29,768 75% 4.3%

PGRE 4 $31,024 75% 18.5%
Supplies . $12,500/year

(water quality tests, repairs,
maintenance, publications)

General liability $1,400/year

Overhead see Tables 9 and 10for state and federal University overhead rates
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Task 2. Biological Experiments: Biological studies using the Fish Treadmill are the
responsibility of the UC Davis Fish Physiology Group. Personnel fiom DFG also participate in
some aspects of thistask. Thistask includes: fish care and management; maintenance of fish and
holding tank water quality; preparation for and implementation of experiments; post-experiment
fish health and water quality; data entry; data analyses; interpretation of results; report writing;
and presentation of results. Each experiment requires three to five researchers (depending on
experimental flow and time ofday, i.e., day vs night) for preparation, implementation,and
immediate post-experiment activities. Each experiment also requires approximately four hours of
motion analyses for fish behavior measurements, three hours of data entry and data quality
assurance record keeping.

Funds are requested for personnel (salary, benefits, and student fee remissions),
expendable supplies (fish care materials, office supplies, laboratory supplies, video tapes,
chemicals, bottled gases, repairs and maintenance, reports, publications and presentation costs,
discharge permit and required water quality analyses, materials for debris loading experiments,
etc.), UC Davis Aquatic Center fish holding tank usage fees, travel (fish collection and transport,
meeting and presentations). The continuing project also requires three equipment items: an
updated motion analysis system for analyses of fish behavior, a replacement part for the fish

holding facility chiller, and an electric power failure alarm for the fish holding facilitiesat the
Hydraulics Laboratory.

Table 7. '‘Budget details for Task 2, UC Davis Fish Physiology Group.

Position Pay Rate Expected Time Commitment  Benefits/Salary
J. J. Cech, Jr. $0 (see Cost Sharing) 10% N/A

- PGRVI $50,400 100% 31.3%
PGRV $39,000 100% 28.2%
PGRII (4) $34,000 100% 26.5%
Graduate Res. Asst  $20,000 75% o 1.75%
StudentRes. Asst (6)  $3,250 25% 1.75%
Supplies $29,000/year
Equipment $45,200

ear 1only)

Travel $6,000/year
Overhead see Tables 9 and 10 for state and federal University overhead rates

Task 3 Fish Collection: Fish field collection is primarily the responsibility of the DFG, in
collaboration with the UC Davis Fish Physiology Group. This task includes: determining
collection site locations based on DFG field monitoring data; scheduling collection expeditions;
operation and maintenance of fishing boat and collection gear; and transport of collected fish to
the UC Davis fish holding facilities. Each fish collection expedition for delta smelt involves at

least four pigo le to operate the boat, check Delta water condition, set and pull the purse seine,
collect the fish, and transport the fish to UC Davis. Each fish collection takes approximately two
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hours boat and net preparation, two hours actual fish collection, two hours post-collection clean-
up, and two hours post-transport fish care. Note that, in addition to thistask, DFG personnel also
participate in Task 2, biological studies using the Fish Treadmill.

Funds are requested to subcontract with DFG for these services, which include personeel

(salaries and benefits), supplies, and operational expenses, travel, and DFG agency overhead (@
17.3% of DFG total direct costs).

Table &. Budget details for Task 3, DFG.

Position Pay Rate Expected Time Commitment Benefits/Salary
G. Aasen $52,500 20% 32%

FW Asst. $30,250 100% 32%
ScientificAides (4) ~ $14,545/9 months 100% 0%
Supplies $3,500/year

Operational Expenses  $3,880/year

Travel $21,090/year

Overhead $24,673(17.3% of total direct costs)

(DFG overhead)

Overhead see Tables 9 and 10 for University overhead rates

(University overhead)

Project Management: ,Projectmanagement (estimated at a 10% time commitment/group) \\k
be conducted by the Principal Investigator, J. J. Cech, Jr. (UC Davis, Biological Studies, Task 2),
post-doctoral researcher P. S. Young (Biological Studies), and co-investigatorsM. L. Kanes
(UC Davis, Fish Treadmill Operation) and G. Aasen (DFG, Interagency liaison and Fish
Collection). Project management includes oversight of work in progress, validation of costs,

preparation of quarterly reports, and responses to specific questions associated with project
oversight.

3. Cost Sharing

From its inception in 1994 to February 16,2000 when CALFED support began, the Fish
Treadmill project, including design, construction, modification, and calibration ofthe apparatus,
upgrades to the UC Davis fish holding facilities, fish field collection, and dl aspects of the
hydraulic and biological studies conducted using the apparatus, hes been funded by DWR and
USBR. DWR also provided fundingto DFG to offset their costs for participation in the project
(i.e., assistance with fish field collection and experimental data collection). For the period for
which next-phase funding is requested fiom CALFED inthisproposal, UC Davis will contribute a

percentage of the Principal Investigator’s salary (J. J. Cech, Jr., 10%) plus benefits for a total of
$12,739.
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Table 9. Budget for twa years of Fish Treadmill project with 10% (state) overhead rate.

| Subject to Overhead |Exempt from Overhead]
Agency
Cwvarhead
Supplies (@17.3% Graduate
Direct & of total Overhead Student
Labor Expendab direct  [10% for Fea
Year  Task Hours | Salary  Benefits  Travel les costs)  all tasks) | Equipment Remission| Total Cost
Year 1 Task1 8250 %201,240 531,903 $0  $13,900 $0 $24,705 $0  $14,805) 3286682
Task 2 16700 $255080 $B0775 S6,000 344,000 80 F36.674 F30,200 346000 3438100
Task 3 B40D| $OB030 $15220 $21,000 $7,380 S$24.673 82,500 30 30 sma.mﬁ
Task 4 400 $B940 52675 30 30 3 31,182 s0 $0|_ $12,777
Taotal Cosl Year 1 $5E5,079 $110,573 $27 090 $65280 $24673 365,041 $30,200  $19,385| $007,331
Year 2 Task 1 B250] $211,310 534,114 50  $13,000 §0 525832 $0  $15638) $300.885
Task 2 16700 3255860 $B0.77S F10,000 $29.000 50 %35.574 0 34.500] 305809
Task 3 2400 308030 $15220 $21,000 $7.380 S24673 S2.500 30 50| $160,783
. Task 4 400) 38840 32,675 $0 $0 $0 81182 0 $0|  $12.777
Total Cost Year 2 575,140 $112,784 £31.080 EE_.EED 24 673 365,188 50  520,130| $870.274
Total Project Cost $1,140,219 $223.357 $58,180 $115560 $40,346 $130,208] §30,200  $38,534] 31,786 BOS




Table 10. Budgetfor two years of Fish Treadmill project with 46.5-48% (federal) overhead rate:

Subject to Overhead

Agency Overhead
Overhead {@46.5%

Exemptfrom Overhead

Supplies (@17.3% for Year 1, Graduate
Direct & for total and Student
Labor Expendab direct @48% for Fee
Year Task Hours Salary Benefits  Travel les costs)  Year 2) | Equipment Remission| Total Cost
Year 1 Task 1 8260] $201,249 $31,903 $0 $13,900 $0 $114.6791 $0 $14.885! $376.826
Task 2 1670d $255,960 $60,775  $6,000 $44,000 $0 $17015321 $30,200 $41500p $5711967
Task 3 2400 $98.930 $15,220 $21,090 $7,380 $24,673 $11,625 $178,9181
Task 4 400 $8,940  $2,675 $0__$0 $0  $5,401 $0 $0]  $17,016
Total Cost Year 1 $565,079 $110,573 $27,090 $65280  $24.673 $302.437] $30.200 _ $19.395 $1,144,727
Year 2 Task 1 82501 $211,310 $34,114 $0 $13,900 $0 $124,476 $0  $15,639] $399,439
Task 2 1670001 $255.960 $60.775 $10.000 $29,000 $0 $170.753 $0 $4.500] $530,988
Task 3 8400| $98,930 $15,220 $211090 $7,380 $24,673 $12,000 $0 $0 $17912931
Task 4 4001 $8,940  $2675 $0_ - %0 $0__ $5575| $0 $ol___$17,190
Total Cost Year 2 $575,140 $112,784 $31,090 $50,280 $24,673 $312,804l $O_ $20,1391 $1,126,910
Todal Project Cost $1,140219 $223,357 $58,180 $115560 $49.346 $615241] _$30200  $39,534| $2,271.637




G.LOCAL INVOLVEMENT

The Fish Treadmill project is an ongoing University-based, laboratory program. Al
required notifications and approvals (e.g., water discharge permit) to UC Davis, local
governments, landowners, environmental groups, and other interested organizations are in place.
Public outreachto interested parties (including academics, state and federal agency personnel,
local and state media, and the general public) is accomplished through scheduled bi-annual

meetings, |EP Newsletter articles, journal articles in the scientific and technical press, and related
UC Davis press releases.

H. COMPLIANCE WITH STANDARD TERMS AND CONDITIONS

The University of California, Davis, and the California Department of Fish and Game are
public organizations of the State of California. Both organizations comply with the standard
terms and conditions of non-discrimination and non-collusion. There are no conflicts of interest.
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Appendix |
CURRENT PROJECT STATUS SUMMARY (CALFED #99-N02)

The Fish Treadmill project is a cooperative, multi-agency, targeted research program that
addresses the uncertain impacts of water diversions and fish screens on priority fish species(e.g.,
delta smelt, splittail, chinook salmon, steelhead). The project, begun in 1994 with funding and/or
support fiom DWR, DFG, NMFS and USBR, was intended to build upon the pioneering work by
DFG (Kano, 1982) by providing comprehensive and rigorous data on fish-fish screen interactions
for newly listed priority species like delta smelt. Fish Treadmill project results v be applied to
evaluate and improve aspects of fish protective facility design and operationat the State \Water
Project (SWP), Central Valley Project (CVP, including the Tracy Fish Test Facility, TFTF), and
other existing and proposed fish screen facilities (e.g., Red Bluff Diversion Dam, Glenn-Colusa
Irrigation District, Hood-Mokelumne Connection).

Researchwith the Fish Treadmill focuses on near-field effects (i.¢., near-screen effects),
evaluating fish screen and flow impacts on fish survival, injury, stress, and passage and correlating
them with screen design and operational criteria (i.e., approach and sweeping velocity), species
and life history stage, and environmentalconditions(e.g., temperature, day vs night). The
conceptual model (Figure 1), hypotheses, and experimental design used in the studies were
developed with input and collaboration fiom participating agencies, outside consultants(e.g., Ken
Bates, Washington State Department of Fisheries, and Ned Taft, Alden Research Laboratories),
and other interested parties (e.g., Metropolitan Water District).

Biological studies using the Fish Treadmill began in late 1997 with experiments with
splittail and delta smelt. Since then, more ten450 experiments, with delta smelt, splittail,
chinook salmon, steelhead, green sturgeon, and American shad, have been completed. CALFED
support of Fish Treadmill research activities began on February 16,2000. Table 11 (following
page) outlines the present status of the studies (through April 30,2000) and the predicted status
at the end of the present CALFED-supportedperiod (March 31,2001). Results of these studies
have been presented in several technical reports (Velagic et al., 1998, Chen et al., 1998; Swanson
et al., 1998a, 1999; and Hayes et al., 2000), IEP Newsletter articles, and as oral and poster
presentationsat scientific meetings (e.g., American Fisheries Society meetings).

During the CALFED-supported period, Fish Treadmill operation activities included
controlling, monitoring, and adjusting (as necessary) ofwater flow conditions(i.e., approach and
sweeping velocities, and water depth), water temperature, and other water quality variables (e.g.,
dissolved oxygen concentration, pH, and total ammonia). A total of 33 biological experiments
were conducted during the first quarter and, for dl, these variables were within acceptable ranges
@slefined by the Biological Monitoring/Research Plan, BM/RP). Three scheduled experiments
were canceled because of unacceptable Fish Treadmill water temperatures (2 experiments) or a
power failure (1 experiment). Fish Treadmill maintenance performed during this quarter included
flushing and replacement of the Fish Treadmill water supply stored in the underground sump
(required to maintain acceptable water quality), replacement of damaged supporting wheels of the
outer rotating screen, and repair of the rotating drum on the outer screen. The SonTek acoustic
Doppler acoustic velocimeter was calibrated and the discharge readings of'the ultrasonic water
flow meter were verified using the outer circular weir inside the Fish Treadmill tank. As required
by the California Regional Water Resource Control Board (CRWRCB), the quantity and quality
of the water released fiom the Hydraulics Laboratory fish holding tanks was monitored and
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reported to CRWRCB (monthly). Inaddition to these activities, Hydraulics Laboratory engineers
provided engineering servicesto the biologists, modifying and replacing electrical wiring of view
plates used in biological experiments, advising on the fish releasing container design, and
designing and constructing new attachment/supports for night vision goggles used in nighttime
experiments.

Durg this quarter, biological experimentswere conducted with delta smelt (6-8 cm S L 7
experiments), chinook salmon (6-8 cm SL.: 5 experiments, 4-6 cm SL: 19 experiments), and
steelhead, (< 4 cm SL: 2 experiments). All pre- and post-experiment conditions and experimental
protocols were acceptable as defined by the BM/RP. Experimentsusing 6-8 cm SL fish were also
used for physiological stress response measurements. Plasma samples fiom some of these fish
were frozen for later analysis. Computer-assisted motion analyses (using Peak Performance
Technologies, Inc. motion analysis system) of video tape records fiom experiments conducted
earlier this year was completed for 21'experimentswith delta smelt and splittail. Data entry and
analyses continued for experiments conducted earlier this year and during the previous year.
Screen contact rate descriptive statisticswere generated for 110 experiments with chinook
salmon, and 180 experimentswith splittail. All health assessment data on previous experiments
with delta smelt, chinook salmon and splittail (total of 327 experiments) were updated to included
new health assessment indices.

During this quarter, we collected 500 chinook salmon (parr) fiom Nimbus Hatchery and
1,000 steelhead (fry) from Coleman Hatchery. As required by the BM/RP, these fishes were

subjected to prophylactic treatments for 10 days and held for another 10 days before being used
for biological experiments.

Table 11. Status of Fish Treadmill biological studies (Type 1 experiments only, effects of flow and
environmental conditions), October 1997-April 2000.

'Species # of Experiments Yo Complete Yo Complete by March 2001
(estimated)
Delta smelt 102 57 90
Splittail 178 98 100
Chinook salmon 140 69 100
Steelhead 17 28 SO
Green sturgeon 7 <10 30
I_American shad 7 <10 50
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I. Introduction and Background

This Biological Monitoring/Research Plan (BM/EF) is based the Quality Assurance
Project Plan (QAPP, Swanson et al. 1998) developed for Interagency Ecological Program-
supported studies using the Fish Treadmill performance, Behavior and Physiology of Delta
Fishes in Two-Vector Flows in a Fish Treadmill, M. L. Kanes and J. J. Cech, Jr., principal
investigators). The objective of these documents isto describe and define objectives,
experimental design, methods, personnel training requirements, data quality objectivesand
acceptability criteria, data reduction and analyses methods, and standard operating procedures for
dll aspects of the biological studies using the Fish Treadmill.

A. Project History

The fisheries resources of the Sacramento-SanJoaquin Delta system have been recognized
as valuable state resources for several decades. A number of fish species, including the
endangered winter-run chinook salmon and threatened delta smelt have been jeopardized by the
increased water demand by agriculture, domestic, municipal, industrial, and recreational users of
California (Kawasaki and Raquel 1995). State'lawprovides the California Department of Fish
and Game (CDFG) the authority for installation of fish screens on water diversionsto reduce fish
losses. Kano (1982) described pioneering effortsto examine survival of fishes exposed to
controlled flow regimes and fish screens like those at water diversions. However, many technical,
biological, and environmentalproblems related to diversion design and operation in the Delta have
not been resolved. To address these questions, the Fish Facilities Technical Committee of the
Interagency Ecological Program proposed the Fish Treadmill Project in order to determine:

e how Delta fish species of various sizes and swimming abilities might

behave if subjected to a screened barrier adjacent to the river; and

e the suitable approach velocity and screen exposure duration for

various fish species.

In 1994, the Hydraulics Laboratory of the University of California, Davis (UCD), headed.
by M. L. Kawas, was contractedto design and construct a small-scale fish treadmill model as
well as a full-scale fish treadmill prototype. The apparatus was designed to provide controlled,
relatively uniform flow regimes, at levels similar to those currently required for screened water
diversions, ma relatively large volume, annular flume or swimming chamber in which fish could
be confined and their responsesto the flow and screen observed and quantified. Upon completion
of the Fish Treadmill prototype, the UCD Fish Physiology Group, headed by J. J. Cech, Jr., began
biological studiesto evaluate the performance and behavior of selected Delta fishes in the
apparatus under a range of biological and environmental conditions. ThiS Quality Assurance
Project Plan (QAPP), developed during the first year of biological testing using the Fish
Treadmill, describes the activities associated with the biological studies using the Fish Treadmill
with the understanding that the UCD Hydraulics Laboratory \/¥perate and maintain the Fish
Treadmill, provide detailed flow velocity and vector maps of the swimming channel within the
Fish Treadmill for each of the experimental flow regimes to the Fish Physiology Group, and
maintain stable flow regimes and water quality throughout the experimental periods at levels
defined as acceptable in this QAPP.
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B. Project Objectives

Biological studies wvill be conducted to evaluate Delta fishes' swimming performance, and
behavioral and physiological responses to exposure to a two-vector flow field with a screened
barrier.

Obijective 1: Evaluate and quantify the performance (i.e., survival, impingement) of
selected Delta fishes exposed to two-vector flow regimes and environmental conditions (e.g.,
temperature, light level) similar to those that occur near fish screens in the Delta and local riverine
systems.

Obijective 2: Evaluate and quantify the behavior (e.g., swimming velocities, orientationto
screen and water flows, distance traveled, etc.) of Delta fishes exposed to two-vector flow
regimes and environmental conditions similar to those that occur near fish screens in the selected
'Deltaand local riverine systems.

Objective 3: Evaluate and quantify the physiological stressresponses of Delta fishes
exposed to two-vector flow regimes and environmental conditions similar to those that occur near
fish screens inthe selected Delta and local riverine systems.

Objective 4. Compare the performance, behavior, and physiological responses of the
tested fish speciesto determine differential vulnerability to entrainment and impingement at fish
screens.

Objective 5: Compare results from these studies with those of Kano (1982).

Objective 6: Compare results from these studieswith present fish screen and flow criteria
specified for the Delta and local river systems (NMFS, 1997; CDFG, 1997;USFWS, 1994).

Objective 7: In collaborationwith state and federal agency personnel, suggest refinements
for present fish Screen flow and operational criteria for each of the tested species.

C. Determination of Success

The project is successful when complete, statistically testable data sets have been
generated, analyzed, interpreted, and documented in a Final Report to the funding agency.

D. Use and Users of Information

Results of these studies will be provided to CALFED as quarterly and final reports for
their use in evaluating and revising present fish screen flow and operational criteriato better
protect fishes in the Delta and riverine systems and reduce losses due to entrainment and
impingement. Results will also be reported in IEP Newsletter articles, presented at interagency
workshops and scientiiicmeetings, and will be submitted for publication in peer-reviewed
scientiiic and management journals for wide dissemination.
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11. Project Organization

A. Responsibilities

Task 1: Fish Treadmill Operation, Maintenance and Caliiration

Prof. M. Levent Kawes,

Department of Civil and Environmental Engineering, University of California, Davis, CA 95616,
(530) 752-2518, mlkavvas@ucdavis.edu.

Supervise operation of the design, construction, testing, calibration, and operation of the Fish
Treadmill apparatus; ensure the completion of high-quality projects within established budgets and
time schedules; provide guidance and technical advice to those assigned to projects by evaluating
performance, implement corrective actions and provide professional development to staff; review
preparation of project deliverables; interact with technical reviewers and agenciesto assure
technical quality requirementsare met in accordance with contract specifications.

Task 22 Biological Studies

Prof. Joseph J. Cech, Jr.

Department of Wildlife, Fish, and Conservation Biology, University of California, Davis, CA
95616, (530) 752-3103, jcech(@ucdavis.edu

Supervise and participate in all research activities as needed; ensure the completion of high-quality
projects within established budgets and time schedules; provide guidance and technical advice to
those assigned to projects by evaluating performance, implement corrective actionsand provide
professional development to staff; review preparation of project deliverables; interact with
technical reviewers and agenciesto assure technical quality requirements are met in accordance
with contract specifications.

Task 3: Fish Collection

Geir Aasen, Department of Fish and Game, 4001 North Wilson Way, Stockton, CA 95205.
Collection and transport of field collected fishesto UC Davis fish holding facilities, record
keeping for fish collection results and reporting threatened and endangered fishes take.

Tasks 4. 5, and 6: Biological Monitoring/Research Plan, Quarterlv Reports. Final Technical

Prepare BM/RP, quarterly reports and firdl technical report as scheduled in the Scope for Service.

B. Other Personnel

OA Officer:

Ken Bates, P. E.

Consultantto California Department of Water Resources

5211 Blvd. SE, Olympia, WA 98501.

(306)902-2545, bateskmb@dfw.wa.gov.

Reports to the principal investigators and is independent of research staff; reviews QA/QC plans
and reports for completenessand content, and signs off on the QAPP and reports, responsible for
monitoring QC activities to determine compliance, distributing quality related information.

Hydraulics Laboratory Research Engineers:
Design, modification, operation, maintenance of Fish Treadmill, develop hydraulics designs and

protocols; conduct hydraulics experiments; analyze and interpret results; prepare reports and
journal articles.

Post-doctoral Biological Researchers:
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Develop experimental designs and protocols; supervise research assistantsand student assistants;
conduct experiments; analyze and interpret results; prepare reports and journal articles.

State Agencv Biologists:

Collaborate and assist team leaders in the development of experimental designs and protocols,
supervision of research assistants, implementation of experiments, analyses and interpretation of

results, preparation of reports and journal articles; act as liaison between UCD researchersand
various state and federal Agencies.

State Agencv Engineers:

Collaborate and assist team leaders in the development of experimental designs and protocols;
provide technical assistance in the design and construction of research equipment and accessories;
assist with Fish Treadmill modficationsand improvements; act as liaison between UCD
researchers and various state and federal Agencies.

Hydraulics L aboratory Technicians: :

Perform manufacturing and installing modfications to the Fish Treadmill, maintaining Fish
Treadmill apparatus.

Research assistants:

Assist in the construction of fish holding facilities, fish collection, fish care, facilities maintenance,
preparation, implementation and termination of experiments, data collection, entry and preliminary
analyses of data, preparation of reports and journal articles, and supervision of student assistants.
Student assistants: ‘

Assist in fish collection, fish care, facilities maintenance, preparation, implementation and
termination of experiments, data collection, entry and data analyses.

C. Training Requirements for Project Personnel
Training will be provided for all research staff, including state agency biologists, UC Davis

research assistants, and student assistants. While many of the personnel involved mthe project
have background in fish biology, fish handling and care, experimental protocols and methods, and
speciiic data collection techniques applicable to ##sproject, no one will be allowed to work
independently on the project until trained to the satisfactionof the principal investigator
(biological research) or post-doctoral researchers. Training will be provided by the principal
investigator, post-doctoral researchers, and when appropriate, state and federal agency biologists.
It will be conducted on-site and on an individual basis. It \,\¥include background informationon
the project objectives, rationale, and overall methods as well as information and hands-on practice
for speciiic project activities. Specifictopics include:

- fish collection techniques and protocols

- fish care and feeding techniques and protocols

- fish handling techniques and protocols

- basic maintenance and operation of the fish holding facilities

- water quality measurements

- experimental protocols

- data collection techniques and protocols

- data entry and preliminary analyses

- laboratory safety

A training checklist will be used to verify training completenessand provide a written
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record of training. Performance of dl staff and student researcherswill be evaluated and
discussed weekly at the project staff meeting and additional training provided as required.
Evaluationwill include: observation and feedback by principal investigator and post-doctoral

researchers; comparison of results obtained by individual researchers with those obtained by other
researchers and trainers.

111. Measurement And Data Acquisition

A. Experimental Apparatus

All two-vector flow field experimentswill be conducted using the Fish Treadmill
prototype located at the UC Davis Hydraulic Laboratory. The Fish Treadmill is designed to
produce a relatively d o r m flow field (similar to that typical near large, flat-plate fish screens)
within an annular swimming chamber in which fkh can be confined. The outer ring of the
swimming chamber consists of perforated plate-type fish screen and the inner ring, which is
intended to simulate the flat plate fish screen, consists of vertical wedgewire-type fish screen.
Other types of fish screens (e.g., horizontal wedgewire) may be installed m the inner ring for
additional tests at a later date. Water depth in the swimming channel, approachvelocity, and
sweeping velocity of the water in the swimming channel are controlled collectively by the rotation
rate of the outer screen and flow rates through the inflow control valve and the outflow control
valve. The approach velocity is the velocity component perpendicular to the screen. The
sweeping velocity is the velocity component parallel to the inner screen. Viewed fiom the top,
the outer screenrotates in a counter-clockwise direction.

Water for the Fish Treadmill is supplied fiom a dedicated well. During treadmill operation
water, a total volume of 60,000 gal circulates (circulation rate: up to 10,000 gal/min) between the
treadmill and an underground sump tank. During operation there is no flow-throughor make-up
water from the well into the treadmill/sump system. Water temperature is controlled by a 30 HP
combinationheating and chilling system plumbed to circulate water in the sumptank (circulation
rate: 200-350 gal/min). Water in the treadmill/sump systemwill be partially replaced (50%) with
well water every two months or more frequently if necessary to maintain acceptable water quality.
Immediately after water replacement, dissolved gases (e.g., 0xygen, nitrogen) in the water in the
treadmill/sump system will be equilibrated with atmospheric conditions, and water temperature
adjusted to required experimental levels by circulating water between the sump, treadmill, and the
heating/chilling System for at least 24 h prior to experiments.

To ensure a clear visual field for both visual observers and video cameras, the Fish
Treadmill is equipped with plexiglass view plates that are attached to the inner screen at the water
surface at four locations. One of these,view plates covers the water from the inner screento
approximately 5 cm from the outer screen (large view plate), the other three view plates extend
approximately 15cm fiomthe inner screen. Five video cameras are positioned at selected
locations above the Fish Treadmill swimming channel (four cameras) and underwater (one
camera, positioned downstream ofthe inner screen to view through the inner screen into the
swimming channel). An additional large view plate is equipped with infra-red light emitters and
each of the three small view plates used during day/light experiments can be equipped with a

portable infra-red emmitter array to enhance video and visual observations during the night
experiments.
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B. Experimental Variables
1 Units

For most biological and environmental variables defined in the following sections,
measurements are expressed in metric units. However, since water diversion flow criteria are
commonly expressed in English units, flow velocities from the Fish Treadmill will be initially
defined and expressed as feet per second (as). During data reduction and analysis, these values

wiill be converted into metric units. In all preliminary and final reports, velocity measurements wll
be expressed using both metric and English units.

2. Fish Species

While a number of Delta fish speciesare thought to be adversely affected by artificial flow
regimes and screened barriers, priority for the Fish Treadmill experiments will be:

1. delta smelt (Hypomesustranspacificus) juveniles and adults,

2. Splittail (Pogonichthys macrolepidotus) young-of-the-year (YOY),

3. fall-run chinook salmon (Oncorhynchusshawytscha) parr and smolts,

4. steelhead trout, Oncorkynchus mykiss parr and smolts, and

5. other small size and/or juvenile Delta fishes (e.g.,American shad (4losa sapidissima)

YQY ; striped bass, Morone saxatilis; longfin smelt, Spirinchus thuleichthys)depending
on time and availability of adequate supplies of fish.

This priority order is based on the threatened status of delta smelt, and the “candidate”
status of splittail, the endangered status of winter-run chinook salmon, and the threatened status
of steelhead trout. American shad are included in these experimentsto allow direct comparisons
with previous experiments (Kano, 1982), and because American shad are reported to be
“weak”swimmers (Fano, 1982).

3. Fish Size

For each species, two size classes will be used in the experiments, <6 cm standard length
(SL) and >6 cm SL. SiZe class for each experiment is defined by the mean size, SL, of the fish
used in that experiments. Fish smaller than 3-4 cm in length, depending on species, may be too
small to use in the experimentsfor several reasons: small fish may be able to escape and/or
become entangled in the holes in the perforated plate outer ring screen (Young and Cech, 1997);
fishthis size may be difficult to collect from the field m adequate numbers (e.g., delta smelt);
and/or these fish may be too small to be clearly visible in the Fish Treadmill swimming chamk
using either video or Vvisal observations. However, Ffish <3-4 cm SL are obtained in sufficient
numbers and preliminary experiments indicate that they cannot escape the swimming channel and
can be observed effectively, these fish \~lbe included in the experiments. Fish =8 cm SL will not
be used in the experiments because fish of this size are presumed to be less vulnerable to
entrainmentand impingement at water diversions.

4. Flow Regime
The ten flow regimes, derived from combinations of four approach flow velocities and
three sweeping flow velocities, to be tested using the Fish Treadmill are listed in the table below.

Velocities are expressed as £s and cm/s (in parentheses). “E* designates an experimental low
regime. “C” designates a control flow regime.
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Flow Treatment Approach Sweeping
0

C-1 0
E-1 0.2 (6 cnv/s) 0
E-2 0.33 (10 cr/s) 0
E-3 0.5 (15 cv/s) 0
E-4 0.2 1 (31 cn/s)
E-5 0.33 1
E-6 : 0.5 1
E-7 0.2 2 (62 cr/s)
E-8 0.33 2
E-9 05 2

a Temperature

Experiments \~Bbe conducted at two seasonally appropriate temperature levels, 12°Cin
the winter and spring (approximately December-May) and 19°C in.the summer and fall (June-
November). For all of the fishes we plan to use m the Fish Treadmill experiments, size, season

and temperature are closely linked. Therefore, not all species-size-temperaturecombinations \/i¥
be tested.

6. Light and Time of Day

Experiments will be conducted under two light level/photophase (time of day) conditions:
light conditions during the day and dark conditions during the night. Daytime light levels will be
100-3501ux. Nighttime light levels will be 0-3 lux. Day experiments will begin no earlier than 1
h after sunrise and end no later then 1 h before sunset. Night experiments will begin no sooner
then 1 h after sunset and end no later then 1 h before sunrise. Unless preliminary results indicate
that large size class fish (=6 cm SL) perform poorly relative to smaller fish, night experiments will
be conducted using the small size class of each species only.

7. Number of Fish

All experimentswill be conducted using 20 fish fiom a single speciesand size class (size

class is defined by mean SL of the 20 fish used in the experiment). All fish will be used only one
time in the treadmill experiments.

8. Experiment Duration
Duration of experiments will be two hours. A limited number of additional experiments
with a six hour duration will be conducted Wiith chinook salmon and American shad only and at

flow regime E-4 and E-5 only, in order to provide data which are more directly comparable with
Kano (1982).

9. Experiment Scheduling

Experiments and experimental conditions (e.g., temperature, species, flow regime) are
scheduled based on several factors that are listed in order of priority below.
Season: Experimental temperature s determined by season; 12°C in the winter and spring
(approximately December-May) and 19°C in the summer and fall (June-November).
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Species Availability: Experiments with a particular species are conducted only if enough fish of
that species are available (minimum number: 220 fish, enough for one experiment at each of the
ten flow regimes) and in acceptable condition (i.e., fully acclimated, healthy). A lower minimum
number of fish may be acceptable if the fish are required to complete a replicate or set of
experiments ffom earlier in the season, the previous seasonandor to replace experiments
excluded from the data set because of errors or unacceptable conditions (see Data Acceptability).
Suecies Priority: If adequate numbers of more thenone species is available, the fish will be used in
order of priority (see Fish Species).
Fish Size: If more thenone size class of a particular species is available in adequate condition and
numbers, experimentswill be conducted with the small size class fish first.
Flow Regime: Experiments are generally conducted in sets of ten, one experiment for each of the
ten flow regimes, or one complete replicate. Within each replicate, the order in which the flow
regimes are tested is random. Under certain circumstances, the flow regime schedule within a
single replicate may depart from the randomized order.

- Specific flow regimes may be selected to replace experiments excluded from the data set
because of errors or unacceptable conditions.

- Certain flow regimes require more researchers to optimally conduct the experiment (e.g.,
in the high velocity approach/low sweeping velocity flow regimes, the camera view plates require
periodic cleaning to remove small bubbles which accumulate in order to maintain adequate

visibility for visal observers and video cameras). Flow regime schedule may be modified to
accommodate personnel availability.

C. Fish Collection

Delta smelt: Delta smelt \~Akbe collected from three sources, the Sacramento-SanJoaguin
estuary, the state and federal fish salvage facilitiesin the south Delta, and from the laboratory of
S. 1. Doroshov, Department of Animal Science, UC Davis. Field collected fish will be captured
using methods described in Swansonet al. (1996). For dl fish, handling and transport protocols
\Ials0 be done according to Swanson et al. (1996).

Siitiail: Sacramento splittail young-of-the-year (YOY) will be collected fromthe Sacramento
River and Sacramento-SanJoaquin estuary by seine net and/or ftom state and federal fish'salvage
facilities. Handling and transport protocols will be according to methods described in Swanson et
al. (1996).

Chinook salmonand Steelhead trout: Fall-run chinook salmon parr will be collected from state
and federal fish hatcheries on the Sacramento and tributary rivers. Handling and transport
protocols will be similarto those used for delta smelt.

American shad American shad YOY \\ibe collected ftomthe Sacramento-SanJoaquin estuary
and/or the state and federal fish salvage facilities using methods described in Swanson et al.
(1996). Handling and transport protocols \»\kbe similar to those used for delta smelt.

Other Delta fishes: Other Delta fishes will be collected from the Sacramento-San Joaquin estuary,
state and federal fish salvage facilities, and/or state, federal, and private fish hatcheries using
methods for collection, handling, and transport similar to those described above
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D. Fish Care
1. Fish holding facilities

Three fish facilitieswvill be used to hold fish used in the Fish Treadmill experiments, two at
the UC Davis Aquatic Center and one at the UC Davis Hydraulics Laboratory.

The Aquatic Center fish holding facilities consist of 14 1 m round tanks located in Rm
#129 and nine 1.7 m round tanks located in a semi-enclosed outdoor shelter. All tanks are
equipped with non-chlorinated, air-equilibrated, temperature-controlled, continuously flowing
well water. Fish collected fiom the field and hatcheries will be initially held in Rm #129 for
guarantine and prophylactic treatments.

The Hydraulics Laboratory fish holding facility consists of six 1 m round tarksand eight
0.5 m round tanks located within the laboratory building. All tanks are equipped with non-
chlorinated, air-equilibrated, temperature-controlled,continuously flowing well water. This

facility is primarily for holding fish immediately prior to and after use in the Fish Treadmill
experiments.

2. Fish care

All fishiin all facilitieswill be cared for according the UC Davis Aquatic Center Animal
Care Protocols. Some specific aspects of the fish care relevant to use of the fish in the treadmill
experiments are outlined below.
Stocking density: <2g fish/l.
Flow rates: 500-1000ml/min (minimum: 500 i generating a flow velocity in the tank of <6
cnys.
Diet: Silver Cup (Stirling H. Nelson & Sons, Murray, UT), BioKyowa Fry feed (BioKyowa, Inc.,
Cape Girardeau, MO), and live Artemia nauplii freshly hatched from brine shrimp cysts (Argent
Chemical Co., Redmond, WA).
Feeding Rate: Ad libitum for artificial diets using automatic feeders which dispense food hourly
during daylight hours. Artemia nauplii once or twice per day, depending on species and fish size.
Photoueriod All fish will be maintained on natural (e.g., Aquatic Center outdoor facility) or
simulated natural (e.g., both indoor facilities) photoperiod regimes.
Light Intensity: 30-300 lux at 5 cm above water surface.
Temperature: +1°C of target acclimationtemperature, measured daily.
Temuerature acclimation: All fish will be acclimated to the appropriate acclimation temperature
for a minimumof seven (7) days prior to use in the experiments.
Dissolved oxygen: >70% air-saturation, measured weekly.
pH: 7.0-9.0, measured weekly .
Ammonia: <0.5 mg/] (as total N), measured weekly.
Alkalinity: measured monthly.
Hardness: measured monthly.
Disease treatment and prophyvlaxis: Fish will be treated within 2 days of collection and/or as
necessary for bacterial infection using a nitrofurazone solution (dose: 10mgT) and for fungal
infections using a formaldehyde solution (dose: 0.1 mI/1). No fish from a particular tank \nkbe
used in the experiments if they show evidence of disease or have been treated for disease within
the previous 10d.
Mortality: All mortalitiesand incidents of possible disease among fish held in any of the fish
holding tanks at each of the fish holding facilities will be recorded and, if necessary samples will
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be sent to the UC Davis Fish Pathology Laboratory (Dr. R. P. Hedrick, School Of Veterinary
Medicine) for necropsy and diagnosis. Fish fiom a particular tank will not be used in the
experiments ifmortalities from that tank exceed 10%during the five days prior to the experiment.
The batch history and source will be available and documented for all fish used in the experiments.

3. Pre- and Post-test Fish Care

Al fish used in the Fish Treadmill experiments Ak be transported from the UCD Aquatic
Center fish holding facility to the UCD Hydraulics Laboratory fish holding facility a minimum of
three (3) days prior to use inthe experiments. Transport water temperature \,ibe +1°C of
acclimationtemperature. At the Hydraulics Laboratory fish holding facilities, all fish will be
maintained at the appropriate acclimationtemperature and fed the same quantity and quality diet
as at the Aquatic Center. Al fish that have completed a Fish Treadmill experiment x#be held at
the Hydraulic Laboratory fish holding facility for a 48-h post-test survival evaluationperiod and
post-test health assessment andor sanpling for measurement of blood and plasma parameters
prior to transport back to the Aquatic Center fish holding facility and use in other experiments
(i.e., experiments other than Fish Treadmill experiments) andor release.

E. Experimental Protocol

The schedule and brief descriptions of activities associated with each treadmill experiment
Is outlined below.
Pre-test activities
Establishment of experimental flow regime in Fish Treadmill: Conducted by Hydraulics
Laboratory personnel. Fish will be introduced into the Fish Treadmill when the flow regime is
within the acceptable flow velocity parameters (see Data Acceptability). Pre-test flow
measurements (see Measurements) will made no more &N 20 min prior to introduction of fish
into treadmill.
Eish Treadmill water guality assessment: Conducted by Hydraulics Laboratory personnel. Fish
wiill be introduced into the Fish Treadmill when water quality variables are within acceptable
parameters (see Data Acceptability). Pre-test water quality measurements (see Measurements)
will made no more then 20 min prior to introduction of fish into treadmill.
Placement of camera view plates: The large camera view plate will be installed along the imer
screenframe of the Fish Treadmill and the positions of small view plates (left in place between
successive experiments) adjusted as necessary.
Light level measurement: Light level (lux) measured at 5 cm above the water surface at the large
view plate observation station. .
Pre-test health assessment of experimental fish See Measurements.
Transport of fish to treadmill: After the flow regime and water quality parameters are determined
to be withinthe acceptable range, the experimental fish \/\kbe placed in the Fish Introduction
Container and carried to the Fish Treadmill, and the container partially submerged inthe
swimming chamber.
Experimental activities
Introduction of fish into treadmill: After a period of >2 min and <10 min, the Fish Introduction

Container will be opened and the fish released into the treadmill. This is the beginning of the
experiment, e.g., time 0 min.
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Video tape recording: At time 0 min, each of the four video cameras wiill be activated (and proper
operation verified) to begin recording the activity of the fish in the treadmill.

Visual observations of fish swimming behavior and performance: See Measurements.

Post-test activities

Post-test flow measurements: See Measurements. These measurements will be made <5 min prior
to the end of the experiment and cessation of flow in the treadmill.

Post-test water quality measurements: See Measurements. These measurements will be made <5
minprior to the end of the experiment and cessation of flow in the treadmill.

Video tape recording ended Video cameras turned off at the end of the experiment and cessation
of flow in the treadmill.

Removal of large view ulates: Large view plate is removed to allow fish collection fromthe
treadmill.

Fish collection and transuort: Fish crowding device is installed and fish crowded and collected
into holding container using dip nets and beakers. Fish are carried to designated Hydraulics
Laboratorytank and released for post-test holding period.

Blood sampling for physiological measurements: Inthose experiments where physiological
responses are being measured, eight randomly selected fish will be euthanized immediately after
collection or at selected times post-experiment and blood collected by caudal transection (see
Measurements). The remaining 12 fish will be carried to designated Hydraulics Laboratory tank
and released for post-test holding period.

Post-test fish health assessment: See Measurements.

Data sheets: Complete data sheetsand records, preliminary review of data sheetsand records for
accuracy by the principal investigator (research) or post-doctoral researcher..

F. Measurements

1 Types, Frequency, and Numbers of Measurements

Pre-test Health Assessment: Pre-test health assessments will be made on 20 fish randomly
selected fiom the Hydraulics Laboratory pre-test holding tanks and anesthetized with MS222
(tricaine methanesulfonate; 70-100 mg/1) at least once for each group of fish of a single species,
size class, temperature level and light level treatment. Measurementswill include identificationto
species, fish size and weight (standard, fork, and total length in cm, wet weight in g), visible
anatomical abnormalities, damage to skin, scales, firs,and eyes, and evidence of disease. An
additional pre-test assessment, made on each group.of 20 fish selected for use in each experiment
as they are collected for use in the experiment, includes identificationto species, approximate size
(length in cm), visal health assessment without anesthesia (e.g., visible anatomical abnormalities
or evidence of disease), and information on duration of laboratory holding (weeks), and
acclimation temperature, mortality, disease, and treatment history fiom the tank(s) in which the
fish have been held.

Water Quality: Measured treadmill water quality parameters are temperature, dissolved oxygen,
pH, ammonia, alkalinity,and hardness. Measurements andor water samples will be taken from
the treadmill swimming chamber during treadmill operation. Temperature, dissolved oxygen, pH,
and ammonia will be measured at the beginning of each experiment (iediately prior to
introduction of the fish into the treadmill) and at the end (immediately prior to cessation of the
experimental treadmill flow regime and removal of the fish from the apparatus) of all treadmill
experiments. Allalinity and hardness wwill be measured every four weeks.
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Flow Regime: Two values of the flow velocity components, the average approachvelocity
perpendicular to the inner screen and the mid-channel sweeping velocity parallel to the inner
screen, are the controlling parameters for each flow regime. The average approach velocity will
be calculated fiom the inflow discharge rate (Dynasonics Ultrasonics Flowmeter) and the water
depth in the swimming channel at the inner screen (see Measurements, Methodology and

. Definitions for formulae). The mid-channel sweeping velocity will be measured using an
electronic velocity meter (SonTec Acoustic Doppler Velocimeter) in the swimming channel at one
location 12 inches ftomthe inner screen and at a depth of 10.2 inches fiom the bottom These
measurements will be made at the beginning (immediately prior to introduction of the fish into the
treadmill) and end (immediately prior to cessation of the experimental treadmill flow regime and
removal of the fish fiom the apparatus) of all treadmill experiments.

Light Level: Light level (lux) will be measured at a height of 5 cm above the water surface <10
min before the start of each experiment.

Fish Behavior and Performance - Visual Observations: Visual observationswill be made at a
minimumof two locations in the treadmill swimming chamber assalifield each observation
station: approximately 6% of the swimming chamber circumference). Measurementswill be made
for 5-minintervals(e.g., time 0-5 min, time 5-10 min) throughout the two-hour experiment.
Measurements \~lbe made on loss of equilibrium (number of incidents during each 5-min
interval), screen contacts (tail contacts and body contacts; number of each type of contact during
each 5-min interval), impingement (body contact for >5 min; number of fish impinged at each 5
min interval), and fish distribution{number of fish visible at each observation stationat 10 min
intervals, e.g., time 10min, time 20 min, etc.). Equilibrium loss rates (equilibrium loss/fish*min),
screen contact rates (contacts/fish*min), and impingementrates (# fish impinged20 fish) will be
calculated for each 5-min interval and fish distribution (random, regular, or clumped) for each 10-
mininterval. Mean values for the entire 2-hour experiment will also be calculated. Observations
on fish depth strata (bottom,middle, or top third of the swimming channel water column) and
general swimming behavior will be made and recorded periodically.

Fish Behavior and Performance = Video Analyses: Video tape fiom four video cameras
suspended 0.5-1.5 m above the swimming chamber and the underwater camerawill be analyzed
using a computer-assisted, video capture/motion analysis system (Peak Performance
Technologies, Inc., Englewood, CO). Measurements will be made on fish spatial position (lateral
position, cm ftom inner screen; and depth, cm ftom bottom), fish orientation (degrees; angle to
the screen, measured, and angle to water flow, calculated using Fish Treadmill flow vector
profiles), swimming direction and rheotaxis (swimming with or against the sweeping flow),
swimming velocity {ems; velocity over the ground, measured, and through the water, calculated
from swimming direction, velocity over the ground, and Fish Treadmill flow velocity profiles),
and distance traveled (cm; distance over the ground, measured, and through the water, calculated)
for five fish at times 0, 5, 10, 20, 40, 60, 80, 100, 110, and 120 minin the experiment. Swimming
velocity (co/s; velocity over the ground, measured, and through the water, calculated from
swimming direction, velocity over the ground, and Fish Treadmill flow velocity profiles), stroke
(i.e., tail beat) fiequency, stroke amplitude, stride length (calculated; distance traveled per stroke),
and swimming behavior (i.e., discontinuous vs continuousstroking, steady vs burst swimming),
will be measured for selected fish (minimun 5 fish each experiment, selection based on swimming
direction and behavior) in each experiment (day/light conditions only).
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Post-test Health and Survival Assessment: Post-test observations and measurementswill
include survival (up to 48 h post-test in holding tanks with minimalhandling), fish size and weight
(length; cm, standard, fork and total length; wet weight, g), health assessment (visible anatomical
damage to skin, scales, firs, eyes, signs of diseases, etc.). Survivalwiill be measured at 0 h and 48
h post-test. During the 48-h post-test period survival will be assessed every 12 h (minimum).

Fish size, weight, and health assessment will be measured for all surviving fish 48 h post-test and,
for any fish which die during the experiment, within 12h of death. For fish which are sacrificed
for physiological measurements, these measurements will be made immediately after death.
Physiological Responses: In selected experiments from dll 10 flow regimes with large size class
fish (minimum: 2 of 3 replicate experiments), eight fish will be sacrificed at selected times after the
end of the experiment (O min or immediately after collection, and 30 minutes, 2 hours, and 24
hours after the end of the experiment; two fish each sample) and blood collected by caudal
transection for measurements of blood hematocrit, and plasma [cortisol], [lactate], [glucose], [CT']
and pH. A minimumoftwo of the remaining 12 fish used in the 48 hour post-test survival
assessment will be sampled similarly 48 hours after the end ofthe experiment. Control (i.e.,
resting) samples will be collected fiom a minimum of 2 fish randomly selected fiom Hydraulics
Laboratory pre-test holding tanks. Samples from fish (collected as above) used inthe C-1 flow
regime (0 f's approach/0 ffs sweeping) will be the handling control. Because of the expected

volume of blood required to perform these tests, blood from the two fish at each sampling interval
will be pooled for analyses.

2. Methods and Definitions

The following sections briefly outline how each of the measurements described above will
be made.
Pre-test Health Assessment
Species identification: VSN inspection, comparison using appropriate fish key{s) (Miller and
Lea, 1972; Moyle, 1976; Wang, 1986,1991; Sweetnam, 1995) and laboratory fish care log book.
Acclimation conditions: Aquatic Center and Hydraulics Laboratory fish care log books.
Duration of laboratow holding: Fish collection data sheets and Aquatic Center fish care log
books.
Avproximate size; ViSBN inspection during collection for use in experiments.
Length and weight: Measured on anesthetized fish as standard, fork, and total length, and wet
weight in g.
Health assessment: Visual inspection on anesthetized fish and during collection for use in
experiments.
Mortalitv and disease history: Aquatic Center fish care log book.

Water Quality
All measurements will be made according to American Public Health Association et al. (1995).
Temperature: Calibrated electronic temperature sensor andor certified mercury thermometer.

Dissolved oxygen: Electronic dissolved oxygen meter (Royce Model $00CE, Royce Instrument
Co.)

pH: Hand-held electronic pH meter (Model pHep2; Hanna Instruments, Woonsocket, RI)
Ammonia: Hach ammoniatest kit

Allalinity: Aquatic Toxicology Laboratory, UCD

Hardness: Aquatic Toxicology Laboratory, UCD
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Flow Regime
Approach and sweeping flow velocities: Measured using a SonTec Acoustic Doppler Velocimeter
in /s at 131 locations (3 sectionsin the circular swimming channel, 3 lateral locations in each
section, 10-11 depths in each location, and an additional 35 measurements near the inner screen)
for each experimental flow regime. These measured values are used to generate detailed flow
velocity profiles.
Average approach flow velocity: This value is used as a controllingparameter for establishing the
specified flow regime in each experiment. It is calculated as:

V,(f75)=Q(gpm)/(12684 x H(f))

where

Q =inflow discharge rate measured with Dynasonics Ultrasonic Flowmeter in gallas per

minute (gpm); and

H =water depth in the swimming channel at the inner screen measured with an A. B.
Mclntyre Hydraulics Instruments micrometer in feet (£).
Mid-channel sweeping flow velocity: Measured usinga SonTec Acoustic Doppler Velocimeter in
f/s at one location 12 inches from the inner screen and at a depth of 10.2 inches from the bottom.
This value is used as a controlling parameter for establishing the specified flow regime ineach
experiment.
Resultant flow velocity: Calculated from approach and sweeping flow velocities at selected lateral
and vertical locations within the swimming channel using from flow velocity profiles for each flow
regime.

Resultant flow velocity = sqrt[(approach?)+(sweeping?))
Resultant flow vector: Calculated from approach and sweeping flow velocities at selected lateral
and vertical locations within the swimming channel using flow'velocityprofiles for each flow
regime.

Resultant flow vector = arctangent(approach flow velocity/sweeping flow velocity)

Light Level
Light level (lux) measured using a photometer (Model LI-185A; LI-COR Inc.)

Fish Behavior and Performance - Visual Observations

Fish depth strata: Estimated as location in the bottom, middle, or top third of the water column.
Loss of equilibrium: Visual observationof lateral or longitudinalrolling by the fish to at least 90°
from vertical, detected by observationof the fish’s light colored ventrum.

Tail contact: Contact with the inner screen by the fish's caudal fin or <50% of the posterior body
length.

Body contact: Contact with the inner screen by >50% of the fish's body length.

Impingement: Prolonged body contact, >5 min duration, with the inner screen by the fish.

Fish distribution: Number of fish visible in the observationarea of the swimming channel defined
by the view plate between the inner and outer screens.

Fish Behavior and Performance - Video Analyses

Motion analysis: Video tapes from one of the cameras will be analyzed manually and using a
computer assisted, video capture/motion analysissystem (Peak Performance Technologies, Inc.,
Englewood, CO) which tracks fish position, angle of orientation, and distance from selected
reference points in an XY coordinate system for each frame of selected video tape. For each
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section of video tape analyzed (e.g., 0.5 seconds or 30 frames), a mean value for each variable
described below \Akbe calculated for each fish analyzed.

Fish spatial location: Distance from inner screen, calctilated using caliirated, scaled coordinates of
the fish and the inner screen at the point closestto the fish. Depth, cm fiom the bottom, will be
measured manually from video tapes from the underwater camera concurrently with the motion
analyses of video tape from the same experiment.

Swimming direction and rheotaxis. Measured fiom fish orientationrelative to the resultant flow
vector or relative to the counter-clockwise direction for experiment in which sweeping flow=0 /s
as swimming with the flow (negative rheotaxis) or swimming against the flow (positive rheotaxis).
Swimming velocity: Swimming velocity over the ground calculated from scaled XY coordinates
and time (automatic calculation by the Peak Performance software). Swimming velocity through
the water calculated fiom swimming velocity over the ground and water velocity in the region of
the swimming channel in which the fish is swimming. Swimming velocity through the water is
calculated for the X and Y axes and as resultant swimming velocity.

Distance traveled Calculated as the product of swimming velocity (c/s, either over the ground
or through the water) and time interval duration(e.g., in 1 min, | b, or 2 h).

Fish orientation: Fish Orientationrelative to the inner screen, measuted in degrees for a single
frame of the section of taped analyzed for motion analysis. Fish orientation relative to the
resultant flow vector \d be calculated fiom motion analysis measurement of fish orientation in
the XY coordinates and flow vector profiles.

Stroke frequency: Measured as strokes/sec for single fish. Resultant swimming velocity through
the water is also measured (as above) for the same fish from the same section of video tape.
Stroke amplitude: Maximum lateral displacement of the caudal peduncle, measured ftom scaled
XY coordinates using the motion analysis system. Resultant swimming velocity through the
water and stroke fiequencyare also calculated @sabove) for the same fish.

Stride length: Distance (cm and as proportion of SL) traveled by the fish per stroke. Calculated
as swimming velocity divided by stroke frequency.

Swimming behavior: Identified as low velocity discontinuous (“stroke and glide”), continuous, or
high velocity discontinuous (i.e., burst) swimming based in swimming velocity, and stroking
pattern.

Loss of eauilibrium: Same as visual observations.

Tail and body contacts: Same as visual observations.

Post-test health Assessment

Survival: Assessed as number of fish alive out of 20 fish at the end of each experiment (0 h post- .
experiment) and at 48 h after the end of the experiment. Mortality is defined by cessation of
ventilation or opercular movement for >1 minin non-swimming fish, lack of response to constant
prodding, rigor mortis.

SIZE- Wet weight (+0.01 g) and standard, fork, and total lengths (+0.1cm).

Health Assessment: Visual observation for evidence of disease, morphological abnormalities, and
physical damage to skin, scales, fins, and eyes (e.g., abrasion, scale loss, hemorrhaging).
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Physiological Responses

Hematocrit: Measured using an 1EC micro-hematocrit reader after centrigugation of capillary
tubes with blood samples at 11,000 x gravity for 3 min.

Cortisol: Measured using radioimmunoassay (Brown et al., 1987).

Lactate and Glucose: Measured simultaneouslyusing a YSI 2700 Select Biochemistry Analyzer
(Yellow Springs Instruments, Inc., Yellow Springs, OH).

Osmolality: Measured using a Wescor 5100B Vapor Pressure Osmometer (Wescor, Inc., Logan,
um).

pH: Measured using an Orion Model SA 720 pH meter.

G.Data Quality Objectives
The following section describesthe data quality objectives (DQOs) of the variables or
characteristicswhich \,lbe measured or recorded as part of the experiments. Data quality
objectives are quantitative and qualitative statementsdescniig the accuracy, precision,
representativeness, comparability, and completeness goals for the measuring or classifying
systemsused (USEPA, 1996). These DQOs specify the quality of the data needed to meet the
goals of the biological experiments. Generally, all measurements or Observationsshould be:
= representative of the typical conditions found in the test chamber in the immediate
vicinity of the location monitored at the time the measurement is taken;
 representative of the performance, behavior, and physiology of fish exposed to the
above conditions.
* “True values” refer to properly measured variables based onthe proper calibration
procedures and standardsof the instrument.
All measurements of a variable should be comparable to each other, and should be
comparable to similar data collected by other researchersin North America At least 90% of the
measurements collected should meet the data quality objectives ofthe project. The accuracy and

precision objectives for variables measured during the routine biological experimentsare
discussed below.

1. Pre- and Post-Test Health Assessments

Suecies ldentification: No accuracy objective is available for this variable. Fish identification by
two trained personnel should agree. Any fish that can not be identified using keys found in Moyle
(1976), Miller and Lea (1972), Wang (1986, 1991), and Sweetnam (1995) with certainty \Aknot
be used in the experiments.

Health Assessment: No accuracy objective is available for this variable. At least 80% of the
health assessments made by two trained personnel should agree.

Fish Weight (Wet): Measured values should be within 0.1 g of the true values. Replicate
measurements should be within 0.15 g each other. Fish weight will be reported as wet weight
(g).

Fish Length: Measured values should be within 0.1 cm ofthe true values. Replicate
measurements should be within 0.15 cm each other. Fish lengthwill be reported as standard
length (SL), total length (TL), and fork length (FL) incm.

Survival/Mortality: No accuracy objective is set for thisparameter. At least 90% of the
observationsregarding the determination of mortality made by two trained personnel should

aqree. Personnel xliuse multiple criteriato determine death of the test organism(e.g., lack of
gill movement, lack of response to constant prodding, rigor mortis).
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2. Water Quality

Water Temuerature: Measured values should be within 0.5°C of the true values (based on
calibrationsusing certified thermometer). Replicate measurements should be within 0.3°C of
each other. During the biological experiments, the mean water temperature should not deviate
more then 1.0°C fiomthe target experimental temperature. Measurements of water temperature
in the Fish Treadmill will be made at least once every 60 min during experiments.

Dissolved Oxygen: Measured values should be within 0.5 mg/1 of the true values. Replicate
measurements should be within 0.25 mg/i of each other. A reading will be taken twice during
each experiment, at the start and end of the experiment.

pH: Measured values should be within 0.3 pH units of the true values. Replicate measurements
should be within 0.5 pH units of each other. A reading should be taken twice during each
experiment, at the start and end of the experiment.

Total Ammonia: Measured values should be within 0.1 mg/1 asN or 10% of the true values.
Replicate measurements should be within 0.05 mg/1 as N or 15% of the true values.
Measurements will be recorded at the start and,end of each experiment.

Alkalinity: No accuracy objective is available for s parameter. Replicate measurements should
be within 5 mg/l as CaCO, or 5% of each other. Measurement will be recorded for each set of
experimentsusing the same water fiom the sump.

Total Hardness: Measured values should be within either 3 mg/1 as CaCO, or 3% of the true
values. Replicate measurements should be within 5 mg/1 as CaCO; or 5% of each other.
Measurement will be recorded for each set of experiments using the same water from the sump.

3. Flow Regime

Inflow discharge rate: Measured values should be within 0.5 cfs of the true values. Replicate
measurements should be within 0.4 cfs of each other.

Water depth: Measured values should be within 0.5 inof the true values. Replicate
measurements should be within 0.3 in of each other.

Sweeping flow velocity: Measured values should be within 2.0 cms™ (0.066 f/s) of the true
values. Replicate measurements should be within 2.0 cms™ (0.066 f/s)of each other.
Approach flow velocity: Measured values should be within L0 cms™ of the true values.
Replicate measurements should be within 0.5 cms™! of each other.

Mid-channel sweeping flow velocity: Measured values should be within 2.0 cms™ (0.0661/s) of
the true values. Replicate measurements should be within 2.0 cms™ (0.066#/s)of each other.

4. Light Level

Measured values should be within IO lux ofthe true values (based on calibration procedures).

Replicate measurements should be within 5 lux of each other or have a relative percent difference
(RPD) = 5%.

5. Fish Behavior and Performance - Visual Observations

Depth strata: No accuracy objective is set for this parameter. Because of the difficulty in
estimating fish depth, observations will be limited to classifying fish depth in three strata(e.g.,
surface, mid-depth, bottom). At least 80% of the observations regarding location of fish in depth
strata made by two trained personnel should agree.

Loss of equilibrium: No accuracy objective is set for this parameter. At least 80%of the
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observations regarding the determination of the loss of equilibriummade by two trained personnel
should agree.

Tail contact: No accuracy objective is set for thisparameter. At least 80% of the observations
regarding numeration and description of il contact made by two trained personnel should 2082
Bodv contact: No accuracy objective is set for tas parameter. At least 80% of the observations
regarding numeration and description of body contact made by two trained personnel should
agree.

Impingement: No accuracy objective is set for this parameter. At least 80% of the observations
regarding numeration and description of impingement made by two trained personnel should
agree.

Fish distribution: No accuracy objective is set for thisparameter. At least 80%o of the
observations regarding numeration of fish visible in the observation area at the designated time
made by two trained personnel should agree.

6. Fish Behavior and Performance - Video Analyses

Fish Spatial Position: Calculated coordinate values for distance from inner screen should be within
3.0 cmof the true values. Replicate measurements should be within 2.0 cm of each other.
Manual estimation of depth should be within 50 cm of the true values. Replicate measurements
should be within 3.0 cm of each other.

Swimming direction, rheotaxis, and fish orientation: Measured values should be within 10
degrees of the true angles. Replicate measurements should be within 5 degrees of each other.
Swimming velocity (over the mound): Calculated values for swimming velocity (over the ground)
should be within 3 cmm/s.of true values. Replicate measurements should be within 2.0 em/s of each
other.

Swimming velocity (through the water): Calculated values for swimming velocity (over the
ground) should be within 6 cm/s of true values. Replicate measurements should be within 3.0
cv's of each other.

Stroke frequency: Counts of stroke number per unit time should be within 1 stroke of true values.
Replicate counts should be within 1 stroke of each other.

Stroke amplitude: Calculated values should be within 0.5 cm of true values. Replicate
measurements should be within 0.5 cm of each other.

Stride length: Calculated values should be within 1.0 cm of true values. Replicate measurements
should be within 1.0 cm of each other.

Swimming behavior: No accuracy objective is set for tas parameter. At least 80%oof the replicate
observations regarding identification of swimming behavior made by two trained personnel should
agree.

Loss of Equilibrium: No accuracy objective is set for this parameter. At least 80% of the replicate
observations regarding identification of loss of equilibrium made by two trained personnel should
agree.

Tail contact: No accuracy objective is set for thisparameter. At least 80% of the observations
regarding numeration and description of tail contact made by two trained personnel should agree.
Body contact: No accuracy objective is set for this parameter. At least 80% of the observations

regarding numeration and description of body contact made by two trained personnel should
agree.




gsmloglcal responses
Bloo Hematocrit: Measured values should be within 1.0% volume red blood cells of true values.

Replicate measurements should be within 10% of each other.

Plasma Cortisol Measured values should be within 0.1 ng mi™ of the true values. Replicate
measurements should be within 0.05 ng mi" of each other.

Plasma L actate: Measured values should be within 0.1 mM I of the true values. Replicate
measurements should be within 0.05 mM I' of each other.

Plasma Glucose: Measured values should be within 0.1 mM I of the true values. Replicate
measurements should be within 0.05 mM I'* of each other.

Plasma Osmolality: Measured values should be within 10 mOsm kg-' of the true values. Replicate
measurements should be within 10 mOsm kg of each other.

Plasma pH: Measured values should be within 0.3 pH units of true values. Replicate
measurements should be within 0.3 pH units of each other.

H. Calibration Procedures and Frequency
1 Flow Regime

The Fish Treadmill will be calibrated and detailed flow profiles developed for the nine
experimental flow regimes every Six months. Calibrations will be conducted at the two test
temperatures (12 and 19°C, one temperature every six months). The SonTec Acoustic Doppler
Velocimeter used to measure flow velocity and direction in the Fish Treadmill e calibrated
according to manufacturer’s specifications as defined in the user's

2. Light Level
Light level and light placement will be calibrated and adjusted as necessary using light

level measurements made at 24 locations (8sections, 3 lateral locations each section; near inner
screen, mid-channel and near outer screen) twice per year.

3. Analytical Equipment

All analytical'equipment(e.g., dissolved oxygen meter, pH meter, osmometer, etc.) \~kbe
calibrated according to manufacturers' specifications as defined in the user's

4. Motion Analysis

Calibrationand scaling of video images, to convert computer/monitor pixel dimensions
into linear metric units, will be conducted for each camera using procedures outlined in the
operator's manual and the program's online help manuel. The scaling rod will consist of two
permanent markers of retro-reflective tape placed on the upper surface of the large view plates.
Distance between the markers will be checked using a standard linear scale at monthly intervals,
althoughiit is not expected that the marker's positions will change. Motion analysis of each
videotape will begin with this calibration/scaling procedure and dll motion analyses from that tape
will incorporate the scaling factor for measurements and calculations.
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|. Data Documentation

All laboratory and field activities will be documented at the time they are conducted.

Documentation type (e.g., data sheets, laboratory log books) will vary depending on activity.
Specific documentation is described below.

Fish Collection: Data sheets fiom each collection will include information on personnel location,
species, collection conditions (e.g., temperature and Salinity),weather conditions, number of fish
collected, and general notes on fish condition and other relevant information as necessary.
Fish Care: Laboratory log books for each fish holding facility will include information recorded
daily on personnel, feeding, cleaning, water quality (e.g., temperature), dl prophylactic and anti-
disease treatments, mortality and health assessments, other relevant information on fish and/or fish
holding facility status.
Fish Treadmill Experiments: Data collected fiom treadmill experiments will be documented on
separate data sheets for various aspects of the experiment and experimental conditions. All data
sheets will include information on date, time, species, experimental flow regime, temperature,
light level, and personnel. Separate data sheets \/\kbe used for:

- water quality and flow regime;

- pre- and post-test fish health assessments;

- visel observations of fish in the treadmill;

- data recording and analyses fiom video tape records of the

treadmill experiments;

- post-test physiological measurements.
All treadmill experiments will also be video recorded using five video cameras mounted above the
treadmill swimming chamber and underwater (see Experimental Apparatus, and Measurements).
Video tapes will be stored at the UC Davis Hydraulics Laboratory or Academic Surge Building,
Rm 1331, prior to analysis and data collection on fish swimming performance and behavior. After
analyses, video tapes will be archived at the Fish Physiology Laboratory (UCD Academic Surge

building) and available for follow-up analyses for data checking purposes and/or additional
analyses.

IV. DATA REDUCTION, ANALYSES, AND REPORTING

A. Data Reduction and File Management
1. Pre- and Post-test Health Assessments

Pre- and post-test health assessment data and reduced physiological response data (see
Physiological Responses below) will be compiled into a Fish Status data file. Summarized data.
fiom this file (e.g., duration of laboratory holding pre-test, survival, blood parameters) \\irbe
included in other data files (e.g., Fish Performance, see below) for incorporation into subsequent
statistical analyses (see Statistical Methods). Fish size data (e.g., mean standard lengths) will also
be included inthe Fish Performance and Fish Behavior data files (see below) in order to allow

calculation of relative swimming velocities and distance values and to test for effects of fish size
on performance and behavior.




2. Water Quality, Flow Regime, and Light Levels . . ) .
Data on fish treadmill water quality, flow regime, and light levels will be incorporated into

an Flow and Environmental Conditions data file and \\kbe analyzed to assessthe variability of
the experimental conditions. Reduced data fiom some variables (e.g., water temperature) will
also be included in Fish Performance and Fish Behavior data files.

3. Fish Behavior and Performance
a. Visual Observations

Data fiom visual observation data sheets will be included in Fish Performance data files.

b. Video Analysis

Data on fish spatial position, velocities, distances, and orientation collected using motion
analysis will be incorporated into Fish Behavior data files. Data on swimming kinematics (e.g.

stroke frequency, stride length) collected using motion analysis will be incorporated into a
Kinematics data file.

c¢. Fish Performance

A Fish Performance data file will include data on species, experimental conditions (e.g.,
temperature, flow regime, light level), visual observation data, video analysis data, and reduced
data fiom the Fish Status data file {e.g., survival rates, physiological responses). It will be
generated using data fiom visual observation data sheets, manual video analysis, reduced motion-
analysis data, reduced data fiom the Flow and Environmental Conditions data file {(e.g.,

temperature) and Fish Treadmill flow profiles.

d. Fish Behavior

A Fish Behavior data file will include data on species, fish size (from Fish Status data files)
experimental conditions (e.g., temperature, flow'regime, light level, etc., from Flow and
Environmental Conditions data files), water velocity at the specified location {(from Fish

Treadmill flow profiles) and swimming behavior (e.g., spatial position, velocities, etc., from
motion analysis data sheets).

e. Physiological Responses
Data fiom the measured physiological responses (¢.g., plasma cortisol, etc.) and data from
the Fish Status data files (e.g., survival, size) and experimentalconditions (e.g., temperature, flow

regime, light level, etc., from Flow and Environmentat Conditions data files) will be incorporated
into a Physiological Response data file.

B. Statistical Methods

Results compiled in the files described above wiill be analyzed using Sigmastat and Systat
software. Statisticalanalyseswwill include: comparisonsamong appropriate treatment groups
(e.g., species, flow regime, light level, etc.) made using analysis of variance and two-tailed t-tests;
regression analyses and analysis of covariance for examination of the effects of continuous
variables (e.g., time, swimming velocity) and categorical covariates (e.g., temperature);
nonparametric tests (e.g., Mann-Whitney Rank Sum test) for comparisons of treatment groups for
which the data are not normally distributed.
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V. DATA ASSESSMENT AND OVERSIGHT

A. Data Quality Control Checks
1. Data Acceptability

Listed below (or referenced in the specified section of #s document) are the acceptable
ranges of selected biological, environmental, and experimental conditions for the pre-test, test,
and post-test periods for the Fish Treadmill experiments. Conditions that deviate from these
acceptable ranges may be considered as rationale for a) excluding or postponing the use of
selected fish from the experiments; b) canceling a planned experiment; and/or c) excluding some
or dl of the data collected during an experiment (e.g., if water temperature in the Fish Treadmill is
unacceptable, dl data collected during the experiment must be evaluated separatelyand, possibly,
excluded from the data set; however, ifpost-test holding tark temperature is unacceptable, all

data from the experiment with the exception of post-test survival and health assessment may be
used).

Pre-test Health and Fish Care Conditions .

Temperature Acclimation: Minimum 7 days at experimental temperature.

Holding Tank Temperature: <=1.0°C of specified test temperature. 1f Hydraulics Laboratory tank
temperatures deviate from specified test temperature, the temperature will be adjusted 1.0°C/day
and the fish held a minimum of one day after the temperature has been adjusted to the correct
level before they are used in the experiments.

Disease History: No fish ftom a holding tank that has been treated for bacterial or fungal
infections in the previous 10d will be used in the experiments.

Mortality History: No fish from a tank that has experienced =10%& mortality (excluding transport
mortality) in the five days prior to use in the experiments will be used in the experiments
Transport History: Al fish will spend a minimum of three days in Hydraulics Laboratory fish
holding tanks prior to use in the experiments.

Experimental VVariables

Listed below are the acceptable water quality ranges for specific parameters.

Fish Treadmill Water Temperature:+1.0°C of specified test temperature.

Fish Treadmill Dissolved Oxygen: =70% air-saturation.

Fish Treadmill pH: >7.0 or <9.0 pH units.

Fish Treadmill Ammonia: <0.5 mg/l @&otal N).

Flow Regime: £3 c¢m/s for the approachflow velocity, 6 cm/s for the sweeping flow velocity.

Post-test Conditions

Holding Tank Temperature, Dissolved Oxygen. pH., and Ammonia: same range as for the Fish
Treadmill.

Fish Size: If data on fish size are lost or unavailable for all fish used in an experiment, estimated
size ranges from pre-test log books and data sheets, will be used but data from the experiment will
be evaluated separately before possible inclusionin the data set. If data on fish size of <30% of

the fish used in the experimentare lost or unavailable, mean fish size values calculated from the
remaining fish \Akbe used in the data set.
2. Error Checking of Raw Data

Upon completion, all data sheets will be checked by the research assistant in charge of that
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particular experiment, any errors or incomplete sections corrected, and the data sheet signed by
the research assistant in charge. Completion and error checks will also be made at the time the
data are entered into the data files. Any corrections made on data sheets after completion \\kbe
signed and dated by the research assistant in charge of the experiment or a post-doctoral
researcher. During data entry, a mainimum of 10% of the data entered in each data file (e.g., 1
row out of every 10 rows in the data file) will be double checked by a second trained research
assistant or a post-doctoral researcher. Any questions or discrepancies will be investigated and
corrected by the post-doctoral researchers. Specific data in which questions can not be resolved
(e.g., unreadable) will not be included in the data sets.

3. Error checking of Reduced Data and Analyses
Reduced Data and Preliminary Analyses

All reduced data and preliminary analyses (e.g., summary statistics) will be checked by a
trained research assistant and/or a post-doctoral researcher for errors, completeness, and correct
execution of preliminary statistical tests. After this check, selected components of these data will

be entered (and checked as above) in the appropriate data file(s) {see these Data Reduction and
File Management) for further analyses.

Statistical Analyses

All statistical procedures \,lbe conducted accordingto Sokal and Rohlf (1981),
Snedecor and Cochran (1967), and other recognized and standard methods. The UCD Statistics

Laboratory, which provides consultations Wil professional statisticians, will be consulted as
necessary.

4. Performance and System Evaluation

All field and laboratory activities may be reviewed by the Principal Investigator, QA
Officer, and post-doctoral researchers as requested. A QA/QC report summarizing the results of
data quality control checks \ibe submitted to the QA Officer monthly. In the event data quality
control objectives are not satisfied, the Principal Investigator, post-doctoral researchers, and State
agency representatives will meet to determine the extent of the problem, discuss and develop .

corrective actions, oversee implementation of the corrective actions, and evaluate their
effectiveness.

B. Agency and Peer Review

The Fish Treadmill project will be subjected to agency and peer review at several levels.
Agency representatives (i.e., DWR, CDFG, see Project Organization, Responsibilities), in
addition to participation in various aspects ofthe project and experiments, will meet regularly
(two times per month) to discuss.and evaluate progress, problems, and scheduling. The project
wiill be more formally evaluated by agency representatives, representatives from cooperating
agencies, and contract consultants at least once per year. Journal articles describing results of
various aspects of the project Ak be submitted for publication in peer-reviewed scientific, water-
related, and management journals (e.g., Transactions of the American Fisheries Society, North
American Journal of Fisheries Management, Environmental Biology of Fishes,.Copeia, Canadian
Journal of Aquatic arid Fisheries Sciences, Journal of Experimental Biology, Conservation
Biology, Hydrobiologia, and Water Research).
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STATE OF CALFORNA,

NONDISCRIMINATION COMPLIANCE STATEMENT

$TD. 19 (REV. 3-95)

——
COMPANY NAME

-

The company named above (herinafter referred to as "prospective contractor") hereby certifies, unless
specifically exempted, compliance with Government Code Section 12990 (a-f) and California Code of
Regulations, Title 2, Division 4, Chapter 5 in matters relating to reporting requirements and the
development, implementation and maintenance of a Nondiscrimination Program. Prospective contractor
agrees not to unlawfully discriminate, harass or allow harassment against'@ny employee or applicant for
employment because of sex, race, color, ancestry, religious creed, national origin, physical disability
(inciuding HIV and AIDS), medical.condition (cancer), age (over 40), narital status, denial of family
care leave and denial of pregnancy disability leave.!

CERTIFICATION

1, the official named below, hereby swear that | am duly authorized to legally bind the prospective
contractor to the above described certification. | am fully aware that this certification, executed on the

%atlefand in the county below, is made under penalty of perjury under the laws of the State of
alifornia.

oy

OFFICIAL'S NAME

THE REGENTS OF THE UNIVERSITY
OF CAYIFORMNIA

DATEEXECUTED EXECUTED IN THE COUNTY OF

HAY 12 200 }‘”E:?Za?

PROSPECTIVE CONTRACTORS SIGNATURE =
,4:&3 W =2

PROSPECTIVE CONTRACTORSTITLE

‘Datructs ::nd Crants Analowt Tl

PROSPECTIVE CONTRACTOR'S LEGAL BUSINESSNAME




U.S. Department ofthe Interior

Certifications Regarding Debarment Suspension and
Other Responsibility Matters, Drug-Free Workplace

Requirements and Lobbying

‘rsons signing this form should refer to the regulations
.erenced belowfor complete instructions:

Certification Regarding Debarment, Suspension, and Other
Responsibility Matters - Primary Covered Transactions-The
prospeciive primary participant further agrees by submitting
this proposal that it \Ak include the clause titled,
"Cerfificafion Regarding Debarment Suspension, Ineligibility
and Voluntxry Exctusion -Lower Tier Covered Transaction,
provided by the department or agency entering into this
covered fransaction, without modification, in all lower tier
covered transactions and in all solicitations for lower tier
covered ransactions. See belowfor language to be used; use
this form for certification and sign; or use Department of the
IntefiorForm 1954 (DI-1954). (See Appendix A of Subpart D of
43 CFR Part 12.)

Certiication Regarding Debarment, Suspension. Ineligibility and
Voluntary Exclusion - Lower Tier Covered Transactions - (See
Appendix B of Subpart D of 43 CFR Part 12.}

Certification Regafding Drug-Free Workplace Requirements-
Atemate |. (Grantees Other Than Individuals) and Alternate 1.
(Grrtess Who are lndividuals) - (See Appendix C of Subpart D
of 43 CFR Part 12.)

Egratureon this form provides for compliancewith certification
mouEmants under 43 CFR Parts 12 and 18. The certifications
shed be treated as a material representation of fact uponwhich
reliance wil be placed when the Departmentof the Interior
defamnine= io award the covered transaction. grant. cooperative
agreement or loan.

PARTA
Primary Covered Transactions

Certification Regarding Debarment, Suspension, and Other Responsibility Matters -

CHECK __ IF THIS CERTIFICATION IS FOR A PRIMARY COVERED TRANSACTION AND IS APPLICABLE.

(DThe prospective primary participant certifies to the best of its knowledgeand belief, that it and its principals:

@

(®)

Jrenot presantly debared, suspended. proposed for debarment. declared ineligible, or voluntarily excluded from covered
transactions by any Federal department or agency;

Hare not wilhina thresyear period preceding this proposal been convicted of or had a ¢ivil judgment rendered against them
P forcomrgssion of fraud or a criminal offense in connection with obtaining, attempting to obtain, or performinga public
{Fedaml, St=le orlocal tensaction or contract under a public transaction; violation of Federalor State-antitrust statutes or

commission of embezdement, theft, forgery. bribery. falsification or destruction of records, making false statements, or

receiving stolen property;

©

-

.ﬂmn:tpmawiﬁdedfcrddhawise criminally or civilly charged by a governmental entity (Federal, State or local) with

commission of any of the offenses enumerated in paragraph {1)(b} of this certification: and

@

or local) terminated for cause or default.

(2)

participant shall attach an explanationto this proposal.

Hawe nob within a fivesyear period preceding this application/proposal had one or more public transactions (Federal, State

Where the prospective primary participantis unableto certify to any of the statements in this certification. such prospective

PARTB:
Lower Tier Covered Transactions

Certification Regarding Debarment, Suspension, Ineligibilityand Voluntary Exclusion -

CHECK __ IF THIS CERTIFICATION IS FOR A LOWER TIER COVERED TRANSACTION AND IS APPLICABLE

@

The prospechie lower e perticipant catifies, by submission of this proposal, that neither it nor its principals is presently debarred.

susperded, proposedfor debarment, declared ineligible, or voluntarily excluded from participationin this transactionby any

Federal department or agency.

@

participant shall attach an explanationto this proposal.

Whesre the prospective bwer tier participant is unable to certify to any of the statements inthis certification, such prospective

Bi-2010

March 1995

(This form consolidates DI-1953. DI-1954.
D1-1955. DI-1956 and 01-1963)




PART C: ' Certification Regarding Drug-Free Workplace Requirements

CHECK XXF THIS CERTIFICATION IS FOR AN APPLICANT WHO IS NOT AN INDIVIDUAL.

Alternate 1. (GranteesOther Than Individuals)
A. The grantee certifies that it will or continue to provide a drug-free workplace by:

{a} Publishing a statement notifying employees that the unlawful manufacture, distribution, dispensing, possession, or ysa:
of a controlled substance is prohibited in the grantee's workplace and speC|fy|ng the actions that will be taken against
employees for violation of such prohibition;

{b} Establishing an ongoing drug-free awareness program to inform employees about—
{1}  The dangers of drug abuse in the workplace;
(2} The grantee's policy of maintaining a drug-free workplace;
(3} Any available drug counseling, rehabilitation, and employee assistance programs; and
{4) The penalties that may be imposed upon employees for drug abuse violations occurring in the workplace;

icl Making it a requirement that each employee to be engaged in the performance of'the grant be given a copy of the'
statement required by paragraph{a};

{d} Notifying the employee in the statement required by paragraph (a} that, as a condition of employment underthe grant,
the employee will --

{11 Abide by the terms of the statement; and

{2} Notify the employer in writing of his or her conviction for a violation of a criminal drug statute occurrmg in; the
workplace no later than five calendar days after such conviction;

{e) Notifying the agency in writing, within ten calendar days after receiving'notice under subparagraph idi{2] from an
employee or otherwise receivingactual.noticeof such conviction. Employersof convicted employees must provide'notice,,
including position title, to every grant officer on whose grant activity the convicted employee was working, unlessthe.

Federal agency has designated a central point for the receipt of such notices. Notice shall include the ldentlftcatzon
number(s) of each affected grant;

{(f) Taking one ofthe following actions, within 30 calendar days af receiving notice under subparagraphtﬂl (2}, with respect
to any employee who is so convicted -

{1l  Taking appropriate personnel action against such an employee, upto and mcludmgtermlnatlon conS|stentW|th th
requirements of the Rehabilitation Act of 1973, as amended; or L

(2)  Requiring such employee to participate sat|sfactorlly in adrug abuse assistance or rehabilitationprogram approved
for such purposes by a Federal, State, or local health, law enforcement, or other appropriate agency;

gl Making a good faith effort to continue to maintain a drug-free workplace through implementationof paragraphs{a}, {b},
{c), Id}. (e} and (f}.

B. The grantee may insert in the space provided below the site(s} for the'performance of work done in connection with the
specific grant:

Place of Performance (Street address, city, county; state, zip code)
University of California
One Shields Ave.
e e ON 9561 6
Check __ ifthere are workplaces on file that are not identified here.

.....

PARTD:  Certification Regarding Drug-Free Workplace Reqdi}emef;fs

CHECK __ IF THIS CERTIFICATIONIS FOR AN APPLICANT WHO IS AN INDIVIDUAL.

Alternate Il. (GranteesWho Are Individuals)

la) The grantee certifies that, as a condition of the grant, he or she will not engage inthe unlawful manufacture. distribution.
dispensing, possession. or use of a controlled substance in conducting any activity with the grant;

{b) If convicted of a criminal drug offense resulting from a violation Occurring during the conduct of any grant activity. he’
or she will report the conviction. in writing, within 10 calendar days of the conviction, to the grant officer or other
designee, unlessthe Federal agency designates a central point for the receipt of such notices. When notice is madetﬂ
such a central point. it shall include the identification number{s} of each affected grant.

DI-2010

March 1995

(Thio form consolidates P1-1953, DI-1954.
DI-1958. DI-1956 and DI-19631




PAFTE:  Cerification Regarding Lobbying

Certification for Contracts, Grants, Loans, and Cooperative Agreements

R

CHECK __ IF CERTIFICATION 15 FOR THE AWARD OF ANY OF THE FOLLOWING AND
THE AMOITRT EXCEEDS $100,000: A FEDERAL GRANTORCOOPERATIVE AGREEMENT,

SUBCONTRACT, OR SUBGRANTUNDER THE GRANTOR COOFERATIVE AGREEMENT.
CHECK __ IF CERTIFICATION IS FOR THE AWARD OF A FEDERAL

LOAN EXCEEDING THE AMOUNT OF $150,000, ORASUBGRANTOR
SUBCONTRACT EXCEEDING $100,000, UNDER THE LOAN.

The undersigned certifies, to the best of his or her knowledge and belief, that:

Q)

@

©)

Mo Fedesl sppropried funds have been paid or will be paid, by or on behalf of the undersigned, to 'any personfor influencing
or efferming o Influence an officer or employeeof an agency, a Member of Congress, and officer or employee of Congress, or
anampioyes of & Member of Congress i connection with the awarding of any Federalcontract, the makingof any Federal grant.
themaking of any Federalloan, the entering into of any cooperative agreement, and the extension, continuation, renewal.
amendment, or modification of any Federal contract, grant, loan, or cooperative agreement.

i any funds other then Federad appropriated funds have been paid or v be paid to any personfor influencing or attempting to
flence an dfficer aremployes of any agency, a Member of Congress. an officer or employee of Congress, or an employee of
aMember of Congrese in connectionwith this Federal contract, grant, loan, or Cooperatlve agreement, the undersignedshall
complete and submit Standard Form-LLL. "Disclosure Form-to Report Lobbying." in accordance with ItS instructions.

Theurdersired shal require that the language oF this certification be included in the award documentsfor all subawards at all
fiers (ncluding subcontrects, subgarts, and contracts under grants, loans. and'umperative agreements) and that all subrecipients
shall certify accordingly.

Ths certficaionis amaterial representationof fact upon which reliance was placed when this transactionas made or entered into.

Sutmission of i carficaion B -a prerenuisla for making or entering into this transaction imposed by Section 1352, title 31, U.S. Code.

Ary peeonwhofala to file the required certification shall be subject to a civil penalty of not less than $10, 000 and not more than
$100,000 for each such failure.

As the authorized certifying official, i hereby certify that the above specified certifi€ations are true.

SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL ﬂiﬂ& )?‘? ;\iﬁﬁ_ﬂ"}f?é‘ﬂ

andra M . Dowdy

TYPED NAMEAND TITLE Contracts and Grants Annbymt

MAY 12 2000

D200
Warch 1695

[This lews sasdalidpies DI-1053, D-1054,
D1-1958. DI-1956 and DI-1963)




OMB Approval No. 0348-0040
ASSURANCES ~NON-CONSTRUCTION PROGRAMS

ublic reporting burden for this collection of information is estimated to average 15 minutes per response, including time for reiewing
\structions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the callaction of
for” “ion. Send comments regarding the burden estimate or any other aspect of this eallection of information, including Suggestions far
»duk.. J this burden, to the Office 0f Management and Budget, Paperwork Reduction Project (0348-0040), Washington, DC 20503.

'LEASE DO NOT RETURN YOUR COMPLETED FORMTO THE OFFICE OF MANAGEMENTAND BUDGET.
;END IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

NOTE Certain of these assurances may not be applicable to your project or program. If You have questions, please contact the

awarding agency. Further, certain Federalawarding agencies may require applicants o certify to additional assurances. If such
isthe case. you will be notified.

3 the duly authorized representative of the applicant, Icertify that the applicant:

i

1 Has the legal authority to apply for Federal assistance Act of 1973, & amended (29 USC. §794), which
and the institutional, managerial and financial capability prohibits discrimination on the basis of handicaps; (d)
(including funds sufficient to pay the non-Federal share the Age Discrimination Act of 1975. as amended (42
of project cost) to ensure proper planning, management USC. §§8101-8107), which prohibits discrimination
and completion of the project described in this on the basis of age; (e) the Drug Abuse Office and
application. Treatment Act of 1972 {P.L. 92-255), as amended,

relating to nondisctimination on the basis of drug

2. W give the awarding agency, the Comptroller General abuse; (9 the Comprehensive Alcohol Abuse and
of the United States and, if appropriate, the State, Alcoholism Prevention, Treatment and Rehabilitation
through any authorized representative, access to and Act of 1970 (PL 91-616), as amended, relating to
the right to examine all records, books, papers, or nondiscrimination on the basis of alcohol abuse or
documents related to the award; and will establish a alcoholism; {g) §§523 and 527 of the Public Health
proper accounting system'in accordance with generally Service Act of 1912 (42 USC. §§290 dd-3 and 280 ee
accepted accounting standards or agency directives. 8), as amended, relating to confidentiality of alcohol

and drug abuse patient records; (h) Title VI of the

3. W establish safeguards to prohibit employees from Civil Rights Act of 1968 (42 USC. §§3801 etseq), as
using their positions for a purpose that constitutes or amended, relating to nondiscrimination in the sale,
presents the appearance of personal or organizational rental ‘@ financing of housing; (i) .any other
conflictof interest, or personal gain. nondiscrimination provisions in the specific statute(s)

underwhich application for Federal assistance is being

4. W initiate and complete the work within the applicable made; and, () the requirements of any other
time frame after receipt of approval of the awarding nondiscrimination statute(s) which may apply to the
agency. application.

5. Will comply with the Intergovernmental Personnel Act of VW comply, or has already complied, with the
1970 (42 USC. §§4728-4763) relating to prescribed requirements of Titles It and Ili of the Uniform
standards for merit systems for programs funded under Relocation Assistance and Real Properly Acquisition
one of the 19 statutes or regulations specified in Policies Act of 1970 (P.L. 91-646) which provide for
Appendix A of OPM's Standards for a Merit System of fair and equitable treatment of persons displaced or
Personnel Administration (6CFR. 900, Subpart F). whose properly is acquired:as a result of Federal or

federally-assisted programs. These requirements apply

6. Will comply with all Federal statutes relating to to all interests in real properly acquired for project

nondiscrimination. These include but are not limited to:
(a) Title VI of the Civil Rights Act of 1964 (P.L. 88-352)
which prohibits discrimination on the basis of race, color
or national origin; (b) Title X d the Education
Amendments of 1972, as amended (20 US.C. §§1681-
1683, and 1685-1686), which prohibits discrimination on
the basis of sex; (c) Section 504 of the Rehabilitation

purposes regardless of - Federal participation in
purchases.

Will comply, as applicable, with provisions of the.
Hatch Act 6 USC. §§1501-1508 and 7324-7328)
which limit the political activities .of employees whose
principal employment activities are funded in whole or
in part with Federal funds.
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8.

10.

11.

{33),

i -

will (':omply. as applicable, with the provisions of the Davis-
Bacon Act (40 USC. §827ga to 278a-7), the Copeland Act
(40 USC. §276¢ and 18 USC. §874), and the Contract
Work Hours and Safety Standards Act (40 USC. §§327-
regarding labor standards for federally-assisted
construction subagreements.

Will comply, if applicable, with flood insurance purchase
requirements of Section 102(a) Of the Flood Disaster
Protection Act of 1973 (P.L. 93-234) which requires
recipientsin a special flood hazardareato participate in the
program and to purchaseflood insurance if the total cost of
insurable construction and acquisition is $10,000 or more.

Wil comply with environmental standards which may be
prescribed pursuant to the following: (a) institution of

12.

13.

Will comply with the Wild and Scenic Rivers pgeqt of
1968 (16 U.S.C. §§1271 et seq.) related to protecting
components or potential components of the matinnal
wild and scenic fivers system.

Will assist the awarding agency in assuring compliance
with Section 106 of the National Historic Freservation
Act of 1966, as amended (16 USC. §470), EO 11593
(identification and protection & historic properties). and

~ the Archaeological and Historic Preservation #gt af

14.

1974(16 USC. §§469a-1 etseqs).

Will comply with P.L. 93343 regarding the protection of
human subjects involved in research, development, and
related activities supported by this award of assistance.

environmental quality control measures under the National 15. W comply with the Laboratory Animal Welfare Act of
Environmental Policy Act of 1969 (PL 91-190) and 1966 (P.L. 89-544, as amended, 7 USC. §§2131 et
Executive Order (EO) 11514; (b notification of violating seq) pertaining to the care, handling, and treatment of
facilities pursuantto EO 11738; (c) protection of wetlands warm blc?o.d.ed animals held fgr research, tegchmg, or
pursuant to EO 11990; (d) evaluation of flood hazards in other activities supported by this award of assistance.
floodplains in accordance with EO 11988; (e) assurance of . . o
project consistency with the approved State management 16. VM comply with the ‘Lead-Based Paint Poisoning
program developed under the Coastal Zone Management Prevention Act (42 USC. §§4801 et seq) which
Act of 1972 (16 USC. §§1451 et seq); (9 conformity of prohibits the use of lead-based paint In construction or
Federal actions to State (Clean Air) Implementation Plans rehabilitation of residence structures.
under Section 176(c) of the Clean Air Act of 1955, as S
amended (42 USC. $57401 et seq.); (g) protection of 7. W cause to b(_-} petformed the requwed flnf_mmal and
underground sources of drinking water under the Safe compliance audits In accordance with the Single Audit
Drinking Water Act of 1974, as amended {P.L. 93-523); 'ActAmendments of 1996 and OMB Circuiar No. A-133.
and, (h) protection of endangered species under the ‘Audits of States, Local Governments, and Non-Profit
( adangered Species Act of 1973, as amended (PL 93- Organizations.”
" 205).
18. W  with all applicable requirements of all other
Federallaws, executive orders, regulations, and policies
goveming this program.
GNATURE OF AUTHORIZED CERTIFYING OFFICRL__ | TITLE f
Sendm M. Dowdy
Confracts and Orants Ansbyst
>PLICANT ORGANIZATION DATE SUBMITTED
. THE REGENTS OF THE UNIVERSTY .
i CF CAUFORNLA Mal 11 fil

Standard Form 424B (Rev. 7:'97) Back




PLICATION FOR

LMt Approval Mo, 0348-0043

Dl'l:HﬁL_ 'ASEETMGE 2 DATE SUBMITTED Agplicar dontfer

5 . 5-15-(0

IPE OF SUBMISSICH 3. DATE RECEIVED BY STATE Statn Appllcarion kiaifer

piication Prwsagpecation

| Construction ] Construction 4. DATE RECEIVED BY FEDERAL AGENCY | Fodoral idordiiiar

¥ lonstruction [] Hon-Construction

—ANT INFORMATION

4 Mame: Iwuﬂ: _

aseph J, Cech, Jr. Univérsity of California, Davis :
mmmmmﬂmhummmﬁ,mﬂ

M(?D?mud Em&:nrannn Biology Lu APERCATON [ Ared ook |

e Voka oy, Of 93016 Joseph J. Cech, Jr. 530-752-3103

WPLOYER IDENTIFICATION HUMBER (E2v): 7. TYPE OF APPLICANT: forar apprpriabe ketie i bog)

slsal—(efofsfejafols] p— K. Inclopandent Scho Dkt

¥PE OF APPLICATION: B, Courty I. State Controbiod insdtution of Hgher Leaming
€. Municipal J. Privatn Urbearsity

=] ew [] Continumtion anhim D. Township K Irschian Tiiba

rwisican, dnied Spproprias kthens) in box(es) D D E. Iminrsials L. indfuictunl .
F. mbarmuricgsl M. Profit Orpanization

incradss Avad B. Docrease Award G, increase Durstion - G. Special Diatrict M, Othar (Spacily)

Dcroase Durnton  Ctherspeci

9. MAME OF FEDERAL AGENCY:

1.5, Burean of Reclamation

CATALOG OF FEDERAL DOMESTIC ASSISTANCE NUMBER:

mm

TmLE:

1. DESCRIPTIVE TITLE OF APPLICANT'S PROJECT:

il - ok I-'hhdendl}-lﬁlavdnpd. Fish Screen Criteria for Mative
Yol County Eacramento-San Joaquin Watershed Fishes
JSED PROJECT 14. CONGRESSIOMAL ISTRICTS OF:
A Ciale Ercing Date |, Applcand b. FProsoct
4-1-01 33103 ‘Congreasbonal District # 3
ESTIMATED FUMNDING: : tmﬁmmmmmmmm
. OADER 12372 PROCESS Y
acanl 5 - :
2,271,637 & YES. THIS PREAPPLICATIONIAPPLICATION WAS MADE
\ppicant 5 = AVAILABLE TO THE STATE EXECUTIVE ORDER 12372
T [ _I' .
DATE
el 5 _E
. b M. [ PROGRAM iS5 HOT GOVERED BY E. O. 12372
E 1 - [ OR PROGRAM HAS NOT BEEN SELECTED BY STATE
. EOR BEVIEW
TRgERM INCOme H P - o
— - 17, 5 THE APPLICANT DELENGLUENT ON ANY FEDERAL DEBTT
TOTAL § 2.271.637 : ] ¥es 1 =Yea,” attach an explanation. [ va

.TO THE BEST OF MY KNOWLEDGE AND BELIEF, ALL DATA IN THIS APPLICATIONPREAPPLICATION ARE TRUE AND CORRECT, THE
JHCUMENT HAS BEEN DULY AUTHORIIED BY THE GOVERNING BODY OF THE APPLICANT AND THE APPLICANT WILL COMPLY 'WITH THE

TTACHED ASSURAMCES IF THE ASSISTANCE IS AWARDED.

Typa Mama of Authorized Reprasentathe b, Tile Sindra M. Dowdy :-Tﬂaplnum
Comtracts and Crrants Aot - 752-2075
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{a) Grant Program () prﬂw‘lt tn} Ema {d) Other Sourcas (&) TOTALS
8. Tusk 1, Fish Treadmill Operations $ 0 $ 0 |5 0 $ 0
9. Task 2, Biological Studies 12,739 0 0 12,739
10 gk 3, Fish Calleetion 0 0 0 1 0
11 Task 4, Project Management 0 0 0 |4 0
R 54y SECTION D-FORECASTED CASH NEEDS 7 iius §7r ,srw R
“Tolal for 18l Year Tat Guarter mm Ird Quarter mnunn
134, Fadersl ' .
$ a7 §  josan $ e $ oigen S oregsi
14. Non-Faderal 12,739 3,185 1,145 185 3,184
15. TOTAL (sum of lines 13 and 14) $ 1157466 $ 312017 $ a7 $ a7 $ amsis
SECTION E - BUDGET ESTIMATES( OF FEDERAL FUNDS NEEDED FOR BALANCE OF THE PROJECT 1 #yiritns ity
(&) Grant Program FUTURE FUNDING PERIODS 5 (Years)
{b} First (g} Second___ {d}'l‘hlrd _ (@) Fourth
16. sk 1, Fish Treadmill Operations $ 9960 - ¥ 0860 ¥ 9060 $ 99450
17- Tagk 2, Biological Studies 130,247 130,247 Ll 130047 130,247
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19 Tusk 4, Project Management 4,428 4254 4254 4,254
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] '":-.-'-:.!'.:_-".!"'.'-..-r i s -H‘.'E - IIJ::' ait Ay
21. Dilresct Eh_uqu: .
£1,656,396 -
23, Remarks:
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MAY-1.2-00@aB:22 FROM: USFWS/DFG ID: 2099466355 FACE

243

State of California- | he Resources Agency CREY DS, Giveraoe

DEPARTMENT CF FISH AND GAME Tt
http:/Amww.dfg.ca.gov

Central Valley Bay-Delia Branch
4001 N. Wilson Way
Stockton, CA 95205 May 10, 2000

Jogemh J. Cech, Jr.
Department of Wildlife, F-Lﬂ.,. .Inﬂnﬁ:blmqtm !Lﬂlnf-ﬁf
University of califernia g

bDavi=, CA S5816

Dear DE. Cech:

¥We agree to provide mmmma &gﬂju:m Mum_t: i/31/03) te the
Univerzity of califernia,’ m,__mégﬁﬂifmm;ﬂ CALFED contract
entitled “Fish Treadmill mﬂ? :Fish-screen-Criteris £of Fative
Sacramento-5an Joaguin- e Ry "_mhm secvices would consist of
assiscance with fish :aptu:.&'_aﬂi.vit‘m A5, l:lﬁd::kth'w& 'i.n the - project
proposal (Task 3). In tetirn fer ﬂﬁmmm. thn_mr_:ﬁ:umh Department
of Fish and Game will be! pﬂiﬁ“ﬁiﬁ&"ﬁi__ﬁﬂr_}ﬂ: ﬁﬂt—t-ﬁ-y&rﬂ {thrsugh UC

pavis), as shown-in th&_hqﬂ#-#&ti.‘dn &ﬂﬂﬁﬂﬂﬁec_l:"#ﬁp_ﬂsal {Task 3}. The

california Deparfient-of Fi%h ‘and Game wWill commence nn:_gﬂn: Aapon receiving a

fully executed-seb-contract f:m 'lmiﬁwiﬂ-.-w 'Il-i.th ﬂiﬂ mlhf..g:huu'.l;mt and a delts
smelt take am:_!:_mii;mmu place, the ﬂn:;wltnia will~ -:n—mne If yon have

any questions concerming thia uth:-r, plm Enhﬂm*ﬂ-%:m:en at [209)
948=-T200 or gzmn!dﬂtna.dﬂq..m:gm’ _’ i - L

%11&: " Alan Baraceo /
COFG Investigatoz CoFe Inctitutional Offisial

cc.  Dr. Perry Herrgesell

Conserving Califormia’s Wldbife Simee 1270



http://www.dfg.ca.gov

UNIVERSITY OF CALIFORNIA, DAVIS

BERKELEY - DAVES » [RWTME - LOS ANGELES = RIVERSIDE « SAN DINGD » Sa FRAMCISO0

SANTA DARTLARS + BANTA, CRATE

COLLEGEOF AGRICULTURAL AND DEPARTMENT OF WILDLIFE, FISH AND CONSERVATION BIGLCET®

ENVIRONMENTAL SCIENCES ONE SHIELDS AVENUE
AGRICULTURAL EXPERIMENT STATION DAVIS. CALIFOERMLA 95616-8751
COOPERATTVE BEXTENSON FAX (530) 7524154

May 12,2000
Yolo County Board of Supervisors
625 Court

Woodland, CA 95695-3448

Dear Sir or Madam,

This letter to inform you that | have sumitted a proposal entitled **Fish Treadmill-Developed Fish
Screen Criteria for Native Sacramento-SanJoaquin Watershed Fishes™* to the CALFED
Ecosystem Restoration Program. The work described I the proposal will be conducted at the
University of California, Davis, in Yolo County.

Sincerely,

O@QL Nl

Joseph J. Cech, Jr.
Professor

cc: CALFED Bay/Delta Program




Fnvironmental Compliance Checklist

All applicants must fill out this Environmental Compliance Checklist. Applications must contain answersto the
followmg questlonsto be responswe and to be conS|dered for fundlng Mom_Wﬂme.quesmns.am

on3|dered for funding. -

1

Do any of the actions included in the proposal require compliance with either the California Environmental Quality Act
(CEQA), the National Environmental Policy Act (NEPA), or both?

- X
YES NO

If you answered yes to # 1, identify the lead governmental agency for. CEQA/NEPA compliance.

-

Lead Agency

Ifyou answered no to # 1, explain why CEQA/NEPA eo_,&:pl;’afnce' is not required for the actions im the proposal' '

Project consists of research; and™does -notinclude -anvl.:l:i:tm'nenta]_
modifications or alterations.  Fish specimens will be collected..
under existing or pending scientifi¢ collecting permlta,ﬂ‘agreementﬁu.

If CEQA/MNEPA complianceis required, describe how the project will comply with either or both of these Iaws
Describe where the project is in the compliance process and the expected date ofcompletion. e h

Wil the applicant require access across public or private property that the applicant does not own ta accomplish the
activitiesin the proposal?

- X
YES NO

If yes, the applicant must attach written permission for access from the relevant property owner(s). Failure to include
written permission for access may result in disqualificationof the proposal during the review process. Research and
monitoring field projects for which specifie field locations have not been identified will be required to provide access
needs and permission for access with 30 days of notification of approval.



6. Please indicate what permits or other approvals may berequired for the activities contained in your proposal. Check all
boxes that apply.

LOCAL
Conditional use permit
Variance
Subdivision Map Act approval '
Grading permit.
General plan amendment
Specific plan approval
Rezone
Williamson Act Contract
cancellation
Other
(please specify)
None required.

STATE

CESA Compliance
Streambed alteration permit
CWA § 401 certification”
Coastal development permit
Reclamation Board approval
Notification

Other

(please specify)
None required

ESA Consultation A
Rivers &Harbors Act permit
CWA'§ 404 permit

Other

(please specify)
None required

DPC =Delta Protection Comrmssnon
CWA =Clean Water Act n
CESA = California Endangered SpeC|esAct
USFWS = U.S. Fish and Wildlife Service
ACOE = U.S. Army Corps of Engineers

be

- (CDFG)

(CDFG) .
RWQCE)
{Coastal Commission/BCDC)

(DPC, BCDC)

T EeupE s

m HE i L]
(ACOE)
{ACOE)

et oma

EE.FL Fndangmtd Species Act |,

CDFG = California Department of Fish and G:mc "
RWQCB Regional Water Q‘I.lall.l‘}' Control Board
BEDC= Bay Conservation and Developrment Comm.




- Land Use Checklist

All applicantsmust fill out this Land Use Checkllst for thelr proposal. Applications must contain answers to the

~owing questionsto be responsive and to be considered for funding. Eailure to answer these guestions and
' elude them With zke application will result in the application being considered nonresponsive and not
considered for funding.

1. Do the actionsin the proposal involve physical changesto the land(i.e. grading, planting vegetation, or breeching levees)
or restrictions in land use (i.e. conservation easement or placement of land in a wildlife refuge)?

- %
YES

2. IFNOto# 1, explain what type of actions are involved.in the proposal {i.e., research only, planning only).

Project involves only research.

.....

3. If YESto# 1, whatis the proposed land use change or restriction under the proposal? -

b Al R

YES A AR, S NO
If YES to # 1, answer the following:
Current land use

Cmmtmm ........ PETRTR. s ez e i Ly . Lin —
Current general plan deS|gnat|on ' - 7

6. IfYES to #1, is the land classified as Prime Farmland, Farmland of StatewideImportance or Unique Farmland on the
Department of ConservationImportant Farmland Maps?

YES NO DON'T KNOW -

7. IfYESto# 1,how many acres of land will be subject to physical change or land use restrictions under the proi’)ﬁfs"gi%? -

8. If YESto# 1,is the property currently being commercially farmed or grazed?

YES NO

9. If YESto#8,what are the number of employees/acre
the total number of employees




10.  Will the applicant acquire any interest in land under the proposal (feetitle or a conservation easement)?

- X.
( VES NO
11. What entity/organization will hold the interest?
12. IfYESto # 10, answer the following: AR o ' -,
Total number of acres to be acquired under proposal
Number of acres to be acquired in fee
Number of acres to be subject to conservation easement
13. For all proposals invalving physiea) changes to the land or restriction in land use, describe what éntity or organization
will: o -
manage the property . o UEL L e
provide operations and maintenance services '
conduel monitoring
= 1, s, 11 e i '
14. For land acquisitions (fee tile or easements), will existing water righis also be doquired? )
I_- b . . o i ~

NO o L AP LR | |

15. Dwes the applicant propose any modifications to the water right or change in the M'{"_!?E:ui the mu_’f"'l": W e .l.

- vl fERAf P 0l ALaREF
. X i i ._.-.-.——E'_' T e -'_. [RLTTIC T PR Sl
YES O . | PO A P
16. If YES to# 15, describe__ : - _ — AL
. . § v i . -k o s % i';"!.'q_' PEEE i l_' )
H 1 i CT LT i & I
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